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CAR, A NOVEL COXSACKIEVIRUS AND ADENOVIRUS RECEPTOR 

Back ground of the Invention 

Adenoviruses and coxsackieviruses are common human pathogens. 
5 Adenoviruses, non-enveloped DN A viruses, are a major cause of respiratory and 

gastrointestinal infections (Horwitz, In Virology, 3rd edition: 2149-2171 1996), as well 
as infections of the heart (Martin et al., Circulation, 90: 330-339 1994). In addition to 
their importance as disease agents, adenoviruses have been adapted for use as vectors for 
vaccination and gene therapy (Kremer and Perricaudet, British Medical Bulletin, 51:31- 

10 44, 1 995). Coxsackie B viruses, non-enveloped RNA viruses belonging to the 
picornavirus family, cause non-specific febrile illnesses and meningoencephalitis 
(Melnick, In Virology, 3rd edition: 655-712, 1996), and are the viruses most frequently 
identified in acute infections of the heart (Grist and Reid, In Viral Infection of the Heart, 
23-3 1 , 1 993 ; Savoia and Oxman, In Principles and Practice of Infectious Diseases, 4th 

15 edition, 799-813, 1995). Coxsackie B viruses are also implicated in acute pancreatitis 
(Imrie et al., Gut, 18: 53-56, 1977) and as triggering-agents in childhood-onset diabetes 
(Yoon et al, New England Journal of Medicine, 300: 1 173-1 179, 1979; Clements et al., 
Lancet, 346: 221-223, 1995). 

Viruses initiate infection by attaching to cell surface receptors, and tissue- 

20 specific expression of receptor molecules is an important determinant of virus tropism. 
Adenovirus attachment to cells is mediated by elongated fibers projecting from each of 
the 12 vertices of the icosahedral viral capsid. Isolated soluble fibers bind cells with . 
high affinity, and block virus attachment and infection, demonstrating that fiber 
attachment to a cell surface receptor is a critical event in infection (Philipson et al., J. 

25 Virology, 49: 635-640, 1968; Defer et al., J. Virology, 64: 3661-3673, 1990; Wickham et 
al., Cell, 73: 309-319, 1993). Human adenoviruses are grouped on the basis of their 
ability to agglutinate erythrocytes. Competition experiments suggest that adenoviruses 2 
and 5 (members of agglutination group C) share a common cellular receptor (Philipson 
etal.,J. Virology, 49: 635-640, 1968; Defer et al., J. Virology, 64: 3661-3673, 1990), 

30 distinct from the receptor used by group B viruses such as adenovirus 3 (Defer et al., J. 
Virology, 64: 3661-3673, 1990; Stevenson et al., J. Virology, 69: 2850-2857, 1995) or 
35. Although a number of cellular proteins associate with adenovirus on affinity 
columns (Hennache and Boulanger, Biochemical Journal, 166: 237-247, 1977; Svensson 
et al., J. Virology, 38: 70-81, 1981) or in virus overlay blot assays (Defer et al., J. 

35 Virology, 64: 3661-3673, 1990), the cellular molecules responsible for fiber-mediated 
adenovirus attachment have not been identified. 



PCT/US97.16189 

WO 98/11221 

-2- 

c demonstrated that adenovirus 2 or its fibers compete 
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Brief Description of the Drawing 
Figure 1. CAR amino acid sequence. 

A. Sequences of tiyptic peptides. CAR protein purified by affinity chromatography using MAb 
RmcB was digested with trypsin, and the sequences of individual peptides were determined by 

5 CAD mass spectroscopy. Q/K and I/L have identical masses and cannot be distinguished. 

B. Predicted CAR amino acid sequence. The predicted hydrophobic leader and transmembrane 
domains are in bold print. Amino acids experimentally determined by peptide sequencing are 
underlined. Potential sites for N-linked glycosylation are marked with an asterisk. Tyrosine 255 

10 (KRREEKY) is a potential site for phosphorylation. 

C. Alignment of the CAR amino acid sequence with sequences of immunoglobulin gene 
family members. Residues identical to CAR are shaded. Where at least half of the 
aligned sequences share a residue with CAR, residues are boxed. Domain 1 : CTX 

15 (xenopus thymocyte protein, gi 1335866); B7-2 (murine CD86, sp P42082); VCAM-1 
(murine, sp P29533); CONTAC (human contactin, gb U07820); TCRg (bovine T cell 
receptor gamma subunit, gi 2 1 75290; TCRa (murine T-cell receptor alpha chain V 
region, pir 24402); IgV (African clawed frog Ig heavy chain V region, pir S22558). 
Domain 2: HSPG (2, 9) (murine heparan sulfate proteoglycan core protein Ig-like 

20 domains 2 and 9, sp Q05793); PECAM (human CD31, pir JL0142); VCAM-1 (human, 
sp PI 9320). 

Figure 2. Expression of CAR protein on transfected CHO cells 

A. Immunofluorescence. CHO cells transfected with CAR (CHO-CAR), control CHO 
25 cells transfected with the integrin a2 subunit (CHO-al 2), and HeLa cells were incubated 

with MAb RmcB or the control myeloma protein MOPC 1 95 for one hour on ice, then 
cells were washed and incubated with fluorescein isothiocyanate-conjugated goat anti- 
mouse immunoglobulin and analyzed by flow cytometry. RmcB staining is shown with 
the thicker line in each panel. 

30 

B. Immunoprecipitation. HeLa cells, CHO-CAR cells, or control CHO-alpha 2 cells 
were iodinated, extracted in buffer containing 1% Triton X-100, and 
immunoprecipitation was performed with the control antibody MOPC 195 (M) or MAb 
RmcB (R) bound to protein G-Sepharose beads. Immunoprecipitated proteins were 

35 analyzed in 1 0% SDS-polyacrylamide gels under reducing conditions. Molecular 
weights of marker proteins are indicated in kD. 
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r * Coxsackic B virus interaction with CAR on transfected CHO cells. 
Flg ure 3. Coxsackic B 2 ^ were mcubated w«h 

A. Virus attachment. CHO-CAK or v ^ 

MAb RmcB or with the control myeloma coxsackievirus B3 

virus bound (counts per minute) ± SD for triplicate monolayer, 

• f ■ THO CAR or CHO-alpha 2 monolayers were incubated for 1 hr at 
B . Virus mfecuon. CHO-CAR or LH p coxsackiev irus B4 (4 

10 room temperature with virus and incubated at 

PPU/cell), then ~«>^^£^ we re frozen and thawed to release 
37 »C for 1 hr (0 days), 1 day, or 2 Mo^ y ^ ^ ^ for 

virus, and plaque assays were performed. The figure 



triplicate cultures. 
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, r.j.. n viru« and adenovirus fibers to CAR. 



20 counting. 



. r-u fun PAR CHO-alpha 2, and HeLa monolayers were 
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B. p-galactosidase activity in cell lysates. CHO-CAR, CHO alpha-2 and HeLa cells in 
24 well plates were exposed to Ad5.CMV-|3gal at different multiplicities of infection for 
1 hr at room temperature, then unbound virus was removed and cells were incubated for 
5 40 hr at 37°C. Cells were lysed and p-galactosidase activity was measured in a kinetic 
assay. Results are shown as the V max in mOD/min ±SD for triplicate lysates. 

Figure 6. RNA blot analysis of CAR expression in human tissues 
A multiple tissue Northern blot (Clontech) containing 2 meg of poly A + RNA from each 
10 of the indicated tissues was probed with the complete coding region of CAR RNA. 

Positions of marker RNAs are indicated in kilobases. Hybridization with a human actin 
probe confirmed the presence of equivalent amounts of RNA in each lane. 

Figure 7. Murine and human CAR amino acid sequences 

1 5 The human CAR sequence (h), the sequence of a murine homologue (clone ml), and a 

► 

murine homologue with an altered C-terminus (clone m2) are shown). Predicted 
hydrophobic leader [determined as in Nielson, H., J. Engelbrecht, S. Brunak, and G. v. 
Heijne, 1997, Indetification of prokaryotic and eukaryotic signl peptides and predicition 
of their cleavage sites, Protein engineering, 10: 1-6] and transmembrane domains are 
20 underlined. Potential sites for N-linked glycosylation are marked with an asterisk. 

Figure 8. Expression of mCAR on transfected CHO cells 

Control CHO cells transfected with the human integrin a2 subunit (CHO-aI2) or CHO 
cells transfected with mCAR cDNA (clone m2, CHO-mCAR) were incubated first with 
25 normal rat serum (dotted line) or with serum from rats immunized with the 46kD mouse 
brain receptor (solid line), then with FITC-conjugated goat antibody to rat 
immunoglobulin. Results with clone m2 are shown; similar results were obtained with 
clone ml. 

30 Figure 9. Coxsackie B virus attachment to mCAR on transfected CHO cells 

Confluent monolayers of CHO-mCAR or control CHO-al2 cells were incubated with 
radiolabeled CB3 or CB4 (29,000 cpm) for 4 hr at room temperature, then washed and 
dissolved for scintillation counting. Results with clone m2 are shown; similar results 
were obtained with clone ml . Some monolayers are preincubated with recombinants 
35 adenovirus 5 knob domains (0.7 fig) before exposure to radiolabeled virus. Mean virus 
bound (cpm + 1 SD) is shown for triplicate samples. 
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15 



20 



Duplicate munumj room 

CARCDNA( :— e ^r;r.«ra,3.Cfor40 tos > 
rrX"- Sold hy in star staining wirh X-gah Some monolayers 

Tulrs with clone m2 are shown; similar resuhs we« obtained «d> olone ml . 

Figure 12. CAR mRNA expression in human and murine 

■ xi „x™ hints (ClontechlconlaininB 2 meg ofpolyA+RNASom each 
Multiple tissue Northern blots (Clontecnj ro b described in 

of the indicated tissues were probed with human and munne CAR cDNA^ teenbe 
Aerials and Methods. Posidons of marker RNAs are mdtca^d m kdobtse, 
££Lk. with a human acta probe confinned m. presence of e,u,v*r» .mourns 

ofRNA in each lane. 

Figure 13. Human DNA CAR Sequence 

Human DNA CAR sequence is shown with the coding reg.on highlighted. 

Figure 14. DNA Mouse CAR, DNA Human CAR, and Protein Alignment 

Alignment of DNA Mouse CAR, DNA Human CAR, and Protein. 

the discovery of novel molecules which serve 
The present invention is based on the discovery oi no 

as an attachment receptor for coxsackie B viruses and adenoviruses and is referred to 
r^n TcTR nuclei! acid (For example, the human CAR DNA ^uenc^hown in 

mouse CAR DNA, and protein as shown in FIG. 14). 1 ne coxsaoue i> 
2Z°.tcZ« a novel nansmembmne prorata wid, a distinctive panem of express*. 
ZZi dssoes. The relariveiy Urge cytoplasmic domain suggesU me porenrta, for 
interaction with other intracellular proteins. 
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CAR as a coxsackievirus receptor 

Expression of CAR protein on CHO cells renders them susceptible to infection 
by coxsackieviruses B3 and B4, confirming that this protein is a functional receptor. 
5 MAb RmcB prevents virus attachment to CAR. This antibody was previously shown to 
protect cells from infection by prototype strains of all six coxsackie B serotypes (Hsu, 
K.-H. L., Lonberg-Holm, K., Alstein, B. and Crowell, R. L. (1988). A monoclonal 
antibody specific for the cellular receptor for the group B coxsackieviruses. J. Virol. 62, 
1 647-1 652), consistent with the observation that all six serotypes compete for a common 

10 cell surface attachment site (Crowell, R. L. and Tomko, R. P. (1994). Receptors for 
picornaviruses. In Cellular Receptors for Animal Viruses, E. Wimmer, ed. (Plainview, 
New York: Cold Spring Harbor Laboratory Press), pp. 75-99). It is likely that CAR is 
the major receptor for all coxsackie B viruses. 

Some strains of coxsackie Bl, B3 and B5 have gained the capacity to bind to an 

15 additional receptor, the complement regulatory protein decay accelerating factor (DAF) 
(Bergelson, J. M, Mohanty, J. G., Crowell, R. L., St. John, N. F., Lublin, D. M. and 
Finberg, R. W. (1995). Coxsackievirus B3 adapted to growth in RD cells binds to decay- 
accelerating factor (CD55). J. Virology 69, 1903-1906; Shafren, D. R., Bates, R. C, 
Agrez, M. V., Herd, R. L., Bums, G. F. and Barry, R. D. (1995). Coxsackieviruses Bl, 

20 B3, and B5 use decay accelerating factor as a receptor for cell attachment. J. Virology 
69, 3873-3877). The coxsackie B3 strain used in these experiments does not bind to 
DAF. CB3-RD (Reagan, K. J., Goldberg, B. and Crowell, R. L. (1984). Altered receptor 
specificity of coxsackie B3 after growth in rhabdomyosarcoma cells. J. Virology 49, 
635-640), a coxsackie B3 variant known to bind DAF (Bergelson et al., 1995), also 

25 binds to CHO cells expressing CAR, confirming that this virus strain interacts with two 
receptors. Interestingly, virus attachment to CHO-CAR transfectants leads to productive 
infection, but attachment to CHO-DAF transfectants does not. It is possible that DAF 
functions in virus attachment for some strains, but that subsequent events, such as virus 
internalization, and the initiation of virus uncoating, depend on interaction with CAR. 

30 The recently determined three dimensional structure of coxsackievirus B3 is remarkable 
for the presence of two distinct surface depressions, which have been proposed to be the 
attachment sites for two cellular receptors (Muckelbauer, J. K., Kremer, M., Minor, I., 
Diana, G., Dutko, F. J., Groarke, J., Pevear, D. G. and Rossmann, M. G. (1995). The 
structure of coxsackievirus B3 at 3.5A resolution. Structure 3, 653-667). A canyon 

35 surrounding the icosahedral five-fold axis of symmetry may be the site where CAR 

attaches. The rhinovirus receptor, ICAM-1 , like CAR a member of the immunoglobulin 
gene supcrfamily, binds to a similar canyon on the rhinovirus surface (Olson, N. H., 
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p ij nreve J M., McClelland, A., Baker, T. 
Kolatkar, P. R-, Oliveria, M. A., Cheng, R. H.. Greve LM , ^ 
S. and Rossmann, M. 0. (1993). Structure of a human > rh novirus comp 
receptor molecule. Proc. Natl. Acad. Sci. USA 90, ^H). 

In a survey of human tissues, CAR mRNA was most highly ^ ? 

in a bui vcjfw nnvQackie B viruses for the heart, 

5 myocardi um, ^^^^^ viral myocarditis and 
where they are the viruses most * myoC ardiopathy. Prog. Med. 

pericarditis (Lerner, A. M. and Wilson, F. M. (1973> V rus y 

i m fi3 91- Woodruff, J. (1980). Viral myocarditis. Am. J. Pathol, wi, 
Virol. 15, 63-91, Woodm ^ vira , infections of the heart. In Vol 

Grist, N. R. and Reid^IX 0«WJ^ ^ pp . 23 . 31) . In a 

10 infections of the Heart, . *™*^ ( acute myocarditis showe d evidence of 

number of ^ B ^^lLh Org Jzation surveillance indicates that 
recent coxsackie B infect on, an ^ ^ ^ [reviewed m 

up t0 4% of coxs B „ ^ ^ 

(Gnst and Rod. 1993) - ^°"f deve i 0 pment of dilated cardiomyopathy 

15 myocarditis may contnbute to the subsequent ac v M< . w ^ ms RNA in cardiac 

t j r„i; n p p H9881 The detection of coxsackievirus kjn a ui wai 
(E^ A. I. and Eglm, R P. «■ ™ ^ A 

nss „e by i» ~ ° "i, M and B— *. J- E. W Chnanic 

relapsing p 80 4-807- Jin, 0., Sole, M. J., Butany, J. W., Chia, W. 

20 T Cc-C. 0990, Dcrecdon »f — = RNA in 

. ssBBKsasssss&ii. 

Molecular srodies on enKrovira! heart disease: paten* of ao» R 

, a- ,' onnodeahs in the U.S. each year (Gna and Reid, 1993). 

^iZ c tTcAR expression were aiso scan in brain and pancreas, and 
CAR J£ EL iaoiared from brain and pancroaric 

• foPtinn hv coxsackieviruses is common (Melnick, J. L. (1996). 
ervous *-^£^L« - — lD " 

35 I " "1 P. M. Howley, eds. (Phi.ad.iphU: Upprncon-Raven), 3rd 
* Z PP 655-7n,, and ahnonnaiides of panose funcdon are report ,o be 
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frequent in children infected by coxsackie B (Nakao, T., Nitta, T., Miura, R., Ogata, K., 
Kume, T„ Nobuta, K. and Hinuma, Y. (1964). Clinical and epidemiological studies on 
an outbreak of aseptic meningitis caused by coxsackie B5 and A9 viruses in Aomori in 
1961 . Tohoku Journal of Experimental Medicine 83, 94- 1 02). In addition, coxsackie B 
5 virus infection of the pancreas has been proposed to be a trigger for childhood onset 
diabetes mellitus (Yoon, J. W., Austin, M., Onodera, T. and Notkins, A. L. (1979). 
Virus-induced diabetes mellitus. Isolation of a virus from the pancreas of a child with 
diabetic ketoacidosis. New England Journal of Medicine 300, 1 173-79; Clements, G. B., 
Galbraith, D. N. and Taylor, K. W. (1995). Coxsackie B virus infection and onset of 
10 childhood diabetes. Lancet 346, 221-223). The correspondence between the tissue- 
specific expression of CAR mRNA and the major clinical syndromes caused by 
coxsackie B viruses suggests that CAR is an important determinant of virus tropism in 
vivo. 

1 5 CAR as an adenovirus receptor 

Adenovirus enters cells by receptor-mediated endocytosis (Pastan, L, Seth, P., 
FitzGerald, D. and Willingham, M. (1987). Adenovirus entry into cells: some new 
observations on an old problem. In Concepts in Viral Pathogenesis, A. Notkins and M. 
Oldstone, eds. (New York: Springer- Verlag), pp. 141-146), and within the endosomal 

20 compartment is disassembled in a stepwise process that results in release of viral DNA 
(Greber, U. F., Willetts, M., Webster, P. and Helenius, A. (1993). Stepwise dismantling 
of adenovirus 2 during entry into cells. Cell 75, 477-486). Despite considerable interest 
in the early events in adenovirus infection, and several efforts to isolate proteins with 
affinity for virus (Meager, A., Butters, T. D., Mautner, V. and Hughes, R. C. (1976). 

25 Interaction of KB cell glycoproteins with an adenovirus capsid protein. Eur. J. Biochem. 
61, 345-353; Hennache, B. and Boulanger, P. (1977). Biochemical study of KB-cell 
receptor for adenovirus. Biochemical Journal 166, 237-247; Svensson, U., Persson, R. 
and Everitt, E. (1981). Virus-receptor interaction in an adenovirus system. I. 
Identification of virion attachment proteins of the HeLa cell plasma membrane. J. 

30 Virology 38, 70-81), the cell surface molecule responsible for virus attachment had not 
been identified previously. The experiments described here demonstrate that adenovirus 
binds to the same protein, CAR, that functions as a receptor for coxsackie B viruses. 

Adenovirus attachment to most cell types is mediated by 186 kD fiber structures 
projecting from the virus capsid (Philipson, L., Lonberg-Holm, K. and Pettersson, U. 

35 (1968). Virus-receptor interaction in an adenovirus system. J. Virology 2, 1064-1075). 
A globular knob at the tip of each fiber binds directly to the cellular receptor (Henry, L. 
J., Xia, D., Wilke, M. E., Deisenhofer, J. and Gerard, R. D. (1994). Characterization of 
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• c nme 5 fiber protein expressed in Escherichia coli. J. 
the knob domain of the adenovirus type 5 fiber pro P y 

Virology 68, 5239-5246; Louis, N., Fender, P., 4104 . 

(1994 , C^^^^Z McClel^d, A. (1,5, 
4,06; Stevenson, S. C, Rollenc^Nl, . ^ via the fiber 

5 Human adenovirus serotypes 3 and bin t ^ ^ ^ ^ ^ 

head domain. J. Virology 69, 2850-^83 1). isom rHn rAR 

nedu uuiwc" --..pin and virus attachment to LHU-lak. 

.nccificallY to CHO cells expressing CAR protein, ana virus * 

Henry, L. J., uerara, k.v.<u rP cnlution Structure 2, 1259- 

, 0 binding domain of adenovirus type 5 fiber protem a. 1 .7 A resolmtom btnt . 
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r , t resaion and tbrea radiating vafieys -^^C-" - - - 

which virus attaches to CAK. Aoenuvuua jy 

wnicn vii u> surface but the residues lining the 

1 5 considerable sequence variation on the knob surtace, dux 

^"d—r^d ,„ a 400 KD pro,ein pentanrer, me .nton^e 
, M d!tve"x of .he icosahedrai vims capsid. Whereas adenovirus ashmen, .o 
n !ZTbv fire fiber virus mtemalizafion is facilitated by inmracbon 

integrin, o M fo baa recenfiy been shown ,0 promo, — a— . * 
25 monocyfic cefis by a "-^^J^^^T^--. T., YaKada, 

- ^" ds " a ^ OF Tn99o ZTia inLcfion wifi, disfinc, 
v Ruaperi Z M and Nemerow, G. R. Aaenovnu^ 

; !2medl.es separate events in cel. entry and gene deliver to hematopotefic ceils. 
nE^SU CAR expression on CHO cells enhanced adenovtrua- 
,0 m^enetmnsfer >00-fo,d, indicafing that virus — rfi ^P— - 
followed by virus enor Once fiber-mediated virus attachment to CAR P™'« 
^ mternalizafion may invo,ve a second interaction wifit *v ,nt=gn„s or othec 

molecules endogenously expressed on CHO cells. rMnira t orv 
Adenoviruses, including types 2 and 5, are known predominantly as r spiral^ 
Aaenov.ru , epithelium of the upper respiratory tract 

35 TJZu l oCE^* Virology, B. N. Fields, D. M. Knipe and P. M. 

«nia: Lippincott-Raven), 3rd edition, P , 2149-2171). Low levels 
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of CAR mRNA were detectable in lung tissue, and both mRNA and protein are 
expressed in transformed epithelial cell lines such as HeLa. Consistent with the high 
levels of CAR mRNA expression in myocardium, adenoviruses have recently been 
recognized as important agents in viral myocarditis (Martin, A. B., Webber, S., Flicker, 
5 F. J., Jaffe, R., Demmler, G., Kearney, D., Zhang, Y. H„ Bodurtha, J., Gelb, B., Ni, J., 
Bricker, J. T. and Towbin, J. A. (1 994). Acute myocarditis: rapid diagnosis by PCR in 
children. Circulation 90, 330-339). However, adenovirus infections of the pancreas 
(Niemann, T. H., Trigg, M. E., Winick, N. and Penick, G. D. (1993). Disseminated 
adenoviral infection presenting as acute pancreatitis. Human Pathology 24, 1 145-1 148) 

10 and brain (Kelsey, D. S. (1978). Adenovirus meningoencephalitis. Pediatrics 61, 291- 
293), two other sites where CAR mRNA is highly expressed, are uncommon. It seems 
likely that additional factors, including the route of inoculation, delivery to tissues from 
a primary site of replication, or post-attachment restrictions to virus replication 
(including the expression of certain integrins), may be important in determining the 

1 5 pattern of illness caused by adenoviruses. 

Human adenoviruses can enter a variety of non-human cells, and adenovirus 
vectors are widely used for gene transfer into experimental animals. Expression of 
human CAR protein greatly enhanced the efficiency of gene transfer into CHO cells. 
However, when CHO cells were exposed to virus at high multiplicity, low levels of 

20 transfer were observed even in the absence of CAR. This is consistent with the results 
of earlier experiments, in which delayed replication of adenovirus DNA was detected in 
CHO cells exposed to virus at high multiplicity (Longiaru, M. and Horwitz, M. S. 
(1981). Chinese hamster ovary cells replicate adenovirus deoxyribonucleic acid. 
Molecular and Cellular Biology 7, 208-215). 

25 Adenoviruses have generated considerable interest as potential vectors for 

genetic therapy (Kremer, E. J. and Perricaudet, M. (1995). Adenovirus and adeno- 
associated virus mediated gene transfer. British Medical Bulletin 51, 31-44). The 
defective vectors in present use, like the Ad.CMV-pgal used in these studies, are derived 
from adenovirus 5 and will bind to CAR. Identification of the adenovirus receptor, and 

30 an understanding of its tissue distribution, can be important in targeting gene delivery to 
specific tissues. Manipulation of receptor expression can be used in achieving efficient 
adenovirus-mediated transduction both in vivo and in vitro. It is remarkable that two 
viruses so structurally disparate as adenovirus and coxsackievirus have evolved to use 
the same receptor protein. Identification of CAR as the functional receptor for coxsackie 

35 B viruses and adenoviruses can also facilitate development of new strategies to limit 
infection by these pathogens. 
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l lenl.mi Nucle i- a-IH Molecules 

O^.offte invention pertains to isoiated nude, actd 

encode CAR o, biologically active portions thereof, as well as nucletc »f » 
5 sufficient for use as hybridization probes to identify CAR-encodmg nucletc acd (e g 

As usld herein, una term "nucleic acid molecule" is intended to tnc ude 
DNA molecules (eg, cDNA or genomic DNA, and UNA molecules (e.g., mRKA) and 
analogs of the DNA or RNA generated using nucleotide analogs. The nucletc actd 
1=1 can be single-stranded or double-srranded, bu, prefer* is double-snanded 
, 0 DN A An -isolated- nucleic acid molecule is one which is separated from other nucletc 
Z Ltues which are present in the nature! source of the nucleic acid Prefcrably, an 
tZr nucleic acid is free of seances which naturally frank the 
fences located a, the 5' and 3' ends of.be nucleic acid) in the genomtc DNA * 
Iga msm from which the nucleic acid is derived. For example .m «~ 
, 5 the isolated CAR nucleic acid molecule can contain less than about 5 kb, 4kb 3kb 2kb, 
Ub OSkborO.I kbofnucleotideaequencc.wlucbtuntmllynank^nucetcactd 
nmlecule in genomic DNA of the cell from which the nucleic acid ts denved (e.g., a 
WnT Moreo^r, an -isolated- nucleic acid molecule, such as a cDNA module, 
L be LtiaUy free of other cellular materia,, or culrara medium when priced by 
20 recombintm, .echniquea, o, chemical precursors or other chemtcals when chem.ca.ly 

!y " h Tl 1 .ie acid molecule of dm present invemion, e.g., a nucleic acid molecule 
having the nucleotide sequence ofSEQ ID KM. « nucletc acid 
DNA nsert of me pmsmid deposit wim ute EMBL Accesston Number Y07593, or 
25 SEQ ID NO:3, or a portion thereof can be isolated using srandard molecular btology 
JLqoes and. he sequence infotmation provided herain. Fo, example, ahum^CAR 
cDNA can be isolated from a human heart or pancreas libmry usmg al or portion of 
SEQ ID NOl, or lb, nucleic acid sequence of the DNA insert of the plaamtd deposed 
wim .he EMBL Action Number Y07593, or SEQ ID NO:3 as a hybridizatton probe 
30 and standard hybridizanon techniques (e.g., as described in Smnb^k, 

and Maniaris, T. M*a*r Ctang: A Loboro,ory Mama* « CM *™g 
Uorior Loooraory, Cold Spring Harbor Laboratory Press, Cold Spnng H^bort NY, 
1989). Moreover, a nucleic acid molecule encompassing all or a portion of SEQ ID 
NO- 1 or the nucleic acid sequence of the DNA insert of the plasmrd depostted wtm 
35 EMBL Accession Number Y07593, or SEQ ID NO:3 can be isola.ed by the polymerase 
chain reaction using oligonucleotide primers designed based upon the sequence of SEQ 
ID NOl or the nucleic acid sequence of ore DNA insert of the plaamtd depostted wtth 
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the EMBL Accession Number Y07593, or SEQ ID NO:3. For example, mRNA can be 
isolated from normal heart or pancreas cells (e.g., by the guanidinium-thiocyanate 
extraction procedure of Chirgwin et al. (1979) Biochemistry 18: 5294-5299) and cDNA 
can be prepared using reverse transcriptase (e.g., Moloney MLV reverse transcriptase, 
5 available from Gibco/BRL, Bethesda, MD; or AMV reverse transcriptase, available 
from Seikagaku America, Inc., St. Petersburg, FL). Synthetic oligonucleotide primers 
for PCR amplification can be designed based upon the nucleotide sequence shown in 
SEQ ID NO:l, or the nucleic acid sequence of the DNA insert of the plasmid deposited 
with the EMBL Accession Number Y07593, or SEQ ID NO:3. A nucleic acid of the 

10 invention can be amplified using cDNA or, alternatively, genomic DNA, as a template 
and appropriate oligonucleotide primers according to standard PCR amplification 
techniques. The nucleic acid so amplified can be cloned into an appropriate vector and 
characterized by DNA sequence analysis. Furthermore, oligonucleotides corresponding 
to a CAR nucleotide sequence can be prepared by standard synthetic techniques, e.g., 

1 5 using an automated DNA synthesizer. 

In a preferred embodiment, an isolated nucleic acid molecule of the invention 
comprises the nucleotide sequence shown in SEQ ID NO:l, or the nucleic acid sequence 
of the DNA insert of the plasmid deposited with the EMBL Accession Number Y07593, 
or SEQ ID NO:3. The sequence of SEQ ID NO: 1 , or the nucleic acid sequence of the 

20 DNA insert of the plasmid deposited with the EMBL Accession Number Y07593, or 
SEQ ID NO:3 corresponds to the human CAR cDNA. This cDNA comprises sequences 
encoding the CAR protein (i.e., "the coding region", from nucleotides 1 to 1157 as 

indicated in FIG. 13). 

In another preferred embodiment, an isolated nucleic acid molecule of the 

25 invention comprises a nucleic acid molecule which is a complement of the nucleotide 
sequence shown in SEQ ID NO:l , or the nucleic acid sequence of the DNA insert of the 
plasmid deposited with the EMBL Accession Number Y07593, or SEQ ID NO:3 or a 
portion of either of this nucleotide sequence. A nucleic acid molecule which is 
complementary to the nucleotide sequence shown in SEQ ID NO:l, or the nucleic acid 

30 sequence of the DNA insert of the plasmid deposited with the EMBL Accession Number 
Y07593, or SEQ ID NO:3 is one which is sufficiently complementary to the nucleotide 
sequence shown in SEQ ID NO:l , or the nucleic acid sequence of the DNA insert of the 
plasmid deposited with the EMBL Accession Number Y07593, or SEQ ID NO:3 such 
that it can hybridize to the nucleotide sequence shown in SEQ ID NO: 1 , or the nucleic 

.35 acid sequence of the DNA insert of the plasmid deposited with the EMBL Accession 
Number Y07593, or SEQ ID NO:3, thereby forming a stable duplex. 
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,„ su„ another prefened emt«dim«m, an isolated "T^^HZ « 

i j P(smipnr p which is at east about 50-60%, preteraoiy ai 
invention comprises a nucleotide sequence wmcn is <u ico* 

r«Tl» 70 80%, more preferably a, teas, abou, 90-92%, and even more preferably « 
Z Z» 94-96%, and even « prefab, .. teas, about 98-99% 0, more 

Y07 or SEQ ID NOt3 or a portion of mis nucleotide sequence. .„ - addihona, 
IS embodiment an isolated nuc.eie acid molecule of the inventton comprues a 

S. sequence which hybridizes, e.g., hybridizes under suingen, 
nuclco 4 .. • CC nm NO- 1 or the nucleic acid sequence of the DNA 
10 nucleotide sequence shown m SEQ ID NO.l, or the nuci h 

insert of the plasmid deposited with the EMBL Access^ Number Y07593, or SEQ ID 
NOT or a oortion of this nucleotide sequence. 

Mol r the ttuoteic acid nto.ecute of the invention can comprise oniy a portton 
1 nf SEO ID NOl or the nucleic acid sequence of the DNA tnaen of 
of the coding region of SEQ ID NU.i, or m „cnninNO-3 for 

■ 5 the plasmid deposited with the EMBL Accession Number Y07593, or SEQ ID NO.3. 
"a frasU which can be used as a probe or primer " ' 
biologically active portion of CAR. The nucleotide sequent* deemed ftom me 
te oflbe CAR gene allows for the generation of probes and primers designed £ 
demising and/ot cloning CAR homologuea in other cell types, e.g. ftom oth* 
M Z^tl I CAR homologuea from olher mammal, * 

Uprises substanually purified oligonucleotide. The oligonuoleo.,de typically 
ZTe a region of nucleotide sequence M hybridizes under stringent condmons to 
TrluXprefembly abou, 25, mom preferably abou, 40, 50 o, 1 75 _ 
, .a nfCFO ID NOl or the nucleic acid sequence of the DNA insert of the 
25 SSTS ZZU Accession Number V07593, or SEQ „ 

. „„fqFOIDNOI or the nucleic acid sequence of die DNA insert 

an anti-sense sequence of SEQ ID w.i.om Q1 cpn ID NO' 3 

of the plasmid deposited with the EMBL Accession Number Y07593, or SEQ ID NO.3, 
ITS* occuLg mutants thereof. Primers based on the nucleotide sequence . 
SEQ ID NOT, or me nucleic acid sequence of the DNA insert of the plasmid deposited 
30 widrtheEMBL Accession Number Y07593, or SEQ ID NOl3 can be used m PCR 

,o Cone CAR homologuea. Probes based on me CAR nucleotide sequences 
can be used ,0 detect tran*irip,s or genomic sequences encoding the same or 
bomologoua proteins. In preferred embodiments, the probe further comprtsea a label 
group attached thereto, e.g. me label group can be a radioisotope, a fluorescent 
35 L^umi, an enzyme, or an enzyme oo-fecmr. Such probes can be used as a part of a 

as by measuring a level of an CAR-encoding nucleic acid in a sample of cells from a 
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subject e.g., detecting CAR mRNA levels or determining whether a genomic CAR gene 
has been mutated or deleted. 

In one embodiment, the nucleic acid molecule of the invention encodes a protein 
or portion thereof which includes an amino acid sequence which is sufficiently 
5 homologous to an amino acid sequence of SEQ ID NO:2 or SEQ ID NO:4 such that the 
protein or portion thereof maintains the ability to bind to coxsackievirus, preferably 
coxsackie B virus, adenovirus, or both the coxsackievirus and adenovirus. As used 
herein, the language "sufficiently homologous" refers to proteins or portions thereof 
which have amino acid sequences which include a minimum number of identical or 

10 equivalent (e.g., an amino acid residue which has a similar side chain as an amino acid 
residue in SEQ ID NO:2 or SEQ ID NO:4) amino acid residues to an amino acid 
sequence of SEQ ID NO:2 or SEQ ID NO:4 or an amino acid sequence encoded by the 
nucleotide sequence of SEQ ID NO: 1 , or the nucleic acid sequence of the DNA insert of 
the plasmid deposited with the EMBL Accession Number Y07593, or SEQ ID NO:3 

1 5 such that the protein or portion thereof is able to serve as an attachment receptor for the 
coxsackievirus, adenovirus, or both coxsackievirus and adenovirus. The term "serve as 
an attachment receptor" as used herein refers to facilitating viral infection or entry. 

Portions of proteins encoded by the CAR nucleic acid molecule of the invention 
are preferably biologically active portions of the CAR protein. As used herein, the term 

20 "biologically active portion of CAR" is intended to include a portion, e.g., a 

domain/motif, of CAR that has one or more of the following activities: 1) it can serve as 
an attachment receptor for coxsackievirus, adenovirus, or both coxsackievirus 
(preferably coxsackie B virus) and adenovirus; 2) it can modulate the activity of 
coxsackievirus, adenovirus, or both coxsackievirus (preferably coxsackie B virus) and 

25 adenovirus; and 3) it can modulate the attachment process of coxsackievirus, adenovirus, 
or both coxsackievirus (preferably coxsackie B virus) and adenovirus in a cell that is 
responsive to such pathogens (i.e., is capable of attachment to the coxsackievirus or 
adenovirus), for example, to beneficially down- or up-regulate the responsive cell. 
Standard binding assays, e.g., radiolabeled assays and competition binding assays as 

30 described herein, can be performed to determine the ability of a CAR protein or a 
biologically active portion thereof to interact with (e.g., bind to) a coxsackievirus or 
adenovirus. For example, a cell such as a CHO dhF' hamster cell, can be cotransfected 
with a nucleic acid encoding the CAR protein or biologically active portion thereof and 
with a selection marker such as cDNA encoding dihydrofolate reductase. CHO cells can 

35 then be exposed to radiolabeled coxsackievirus or radiolabeled adenovirus. After 
exposure of the cells, attachment can be determined and compared to nonexposed 
control cells. In addition, inhibition of binding can be measured by preincubating the 
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• a ninct the CAR proteins or biologically active fragments 
cells with antibodies raised against the LAK proiei 

thCre0f ' * u .ommsses nucleic acid molecules that differ from the 

tl p invention further encompasses nuuciv av. 

The invention ^ ^ of ^ DNA 

nucleotide sequence shown in SEQ ID . 0?593 or SEQ ID 

. . « .j „, ;t u «u e EMBL Accession Number yu/w,"' j x 
5 insert of the plasm.d deposited with the EMBL ^ 
NO* (and portions thereof) due to degeneracy of the genetic code and 
N ( P t , at pncoded by the nucleotide sequence shown in SEQ ID NU.i, 

same CAR protein as that encode * ^ ^ £MBL 

or the nucleic acid sequenc of ^e DNA ,ns ^ ^ 

Accession Number Y07593, or SEQ ID N & 
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those skilled in the art that 4 the human 

amino acid sequences of CAR may ex st withm pop wwdJ, 

population). Such genetic P«f^^^^^ the terms "gene" and 
within a population due to ^um l**> — _ ^ ^ 

"recombinant gene" refer to nucleic add mo. S uch natural allelic 
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g ene. Any and all such nucl ^ ^ ^ ^ 
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nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO: 1 , or the 
nucleic acid sequence of the DNA insert of the plasmid deposited with the EMBL 
Accession Number Y07593, or SEQ ID NO:3. In other embodiments, the nucleic acid is 
at least 300, 350, 400, 450, 500, 550, 600 650, 700, 750, 800, 850, 900, 950, 1000 or 
5 more nucleotides in length. As used herein, the term "hybridizes under stringent 
conditions" is intended to describe conditions for hybridization and washing under 
which nucleotide sequences at least 50% homologous to each other typically remain 
hybridized to each other. Preferably, the conditions are such that sequences at least 
about 60%, more preferably at least about 70%, and even more preferably at least about 

10 75% or more homologous to each other typically remain hybridized to each other. Such 
stringent conditions are known to those skilled in the art and can be found in Current 
Protocols in Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. A 
preferred, non-limiting example of stringent hybridization conditions are hybridization 
in 6X sodium chloride/sodium citrate (SSC) at about 45°C, followed by one or more 

15 washes in 0.2 X SSC, 0.1% SDS at 50-65°C. Preferably, an isolated nucleic acid 

molecule of the invention that hybridizes under stringent conditions to the sequence of 
SEQ ID NO:l, or the nucleic acid sequence of the DNA insert of the plasmid deposited 
with the EMBL Accession Number Y07593, or SEQ ID NO:3 corresponds to a 
naturally-occurring nucleic acid molecule. As used herein, a "naturally-occurring" 

20 nucleic acid molecule refers to an RNA or DNA molecule having a nucleotide sequence 
that occurs in nature (e.g., encodes a natural protein). In one embodiment, the nucleic 
acici encodes a natural human CAR. 

In addition to naturally-occurring allelic variants of the CAR sequence that may 
exist in the population, the skilled artisan will further appreciate that changes can be 

25 introduced by mutation into the nucleotide sequence of SEQ ID NO: 1 , or the nucleic 
acid sequence of the DNA insert of the plasmid deposited with the EMBL Accession 
Number Y07593, or SEQ ID NO:3, thereby leading to changes in the amino acid 
sequence of the encoded CAR protein, without altering the functional ability of the CAR 
protein. For example, nucleotide substitutions leading to amino acid substitutions at 

30 "non-essential" amino acid residues can be made in the sequence of SEQ ID NO: 1 , or 
the nucleic acid sequence of the DNA insert of the plasmid deposited with the EMBL 
Accession Number Y07593, or SEQ ID NO:3. A "non-essential" amino acid residue is a 
residue that can be altered from the wild-type sequence of CAR (e.g., the sequence of 
SEQ ID NO:2 or SEQ ID NO:4) without altering the activity of CAR, whereas an 

35 "essential" amino acid residue is required for CAR activity. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 
encoding CAR proteins that contain changes in amino acid residues that are not essential 
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c k par nroteins differ in amino acid sequence from SEQ ID NO:2 
for CAR activity. Such CAR proteins * activities described herein. In one 

or SEQ ID N0:4 vet re»in at least a nuc.eotide sequence 

embodiment, the isolated nuclei actd «** n ^ ^ sequence at leas t about 
encoding a protein, wherein the protem compr J * ammo - ^ ^ ^ ^ ^ 

5 SOHboo^^ Prefera bl y , the protein encoded 

eapable of binding to the homologous t0 SEQ ID N0:2 or SEQ 

by the nucleic acid molecule s at least bout ^ ^ Qr s£Q 
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ID N0 :4, even more 95-9 9 o/o homologous to SEQ ID N0:2 or 
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SEQ ID NO:4. acid sequences (e .g., SEQ ID 

To determine the percent „ nucleic acids , the sequences 
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! 5 sequence of one protem « J co „ esponding acid 

nucleic acid). The ammo acd res.due ° rn ^ a position in one sequence 

positions or nucleotide ^^^^ same amino acid residue or 
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20 CAR),.en,emole^ ^ 

identical positions shared by the sequences (i.e., A homology 

^addllecule encoding a CAR protein homologous to the 
25 An elated nucle.c ac.d i m one of more 

protein of SEQ ID N02 or SEQ ID N0.4 can o nucleotide sequence of SEQ ID 
nucleotide substitutions, additions "**>%^£^ M with the 

N 0: 1 , or me nucleic acid = ™ NO* 1 i one or more amino acid 
EMBL Accession Number Y07593, or SEQ ID « 

can be induced »» SEQ ID NW . or SEQ ffi N(M by 
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standard techniques, suui ^ predicted 
35 „„„.e S se„„al ~ . «■» acid residue having a similar 
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defined in the art. These families include amino acids with basic side chains (e.g., 
lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), 
uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, 
tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, 
5 proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., 
threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, 
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in CAR is 
preferably replaced with another amino acid residue from the same side chain family. 
Alternatively, in another embodiment, mutations can be introduced randomly along all 

10 or part of a CAR coding sequence, such as by saturation mutagenesis, and the resultant 
mutants can be screened for a CAR activity described herein to identify mutants that 
retain CAR activity. Following mutagenesis of SEQ ID NO: 1, or the nucleic acid 
sequence of the DNA insert of the plasmid deposited with the EMBL Accession Number 
Y07593, or SEQ ID NO:3, the encoded protein can be expressed recombinantly as 

15 described herein and the activity of the protein can be determined using, for example, 
assays described herein. 

In addition to the nucleic acid molecules encoding CAR proteins described 
above, another aspect of the invention pertains to isolated nucleic acid molecules which 
are antisense thereto. An "antisense" nucleic acid comprises a nucleotide sequence 

20 which is complementary to a "sense" nucleic acid encoding a protein, e.g., 
complementary to the coding strand of a double-stranded cDNA molecule or 
complementary to an mRNA sequence. Accordingly, an antisense nucleic acid can 
hydrogen bond to a sense nucleic acid. The antisense nucleic acid can be 
complementary to an entire CAR coding strand, or to only a portion thereof. In one 

25 embodiment, an antisense nucleic acid molecule is antisense to a "coding region" of the 
coding strand of a nucleotide sequence encoding CAR. The term "coding region" refers 
to the region of the nucleotide sequence comprising codons which are translated into 
amino acid residues (e.g., the entire coding region of SEQ ID NO: 1, or the nucleic acid 
sequence of the DNA insert of the plasmid deposited with the EMBL Accession Number 

30 Y07593, or SEQ ID NO:3 comprises nucleotides to . In another embodiment, 

the antisense nucleic acid molecule is antisense to a "noncoding region" of the coding 
strand of a nucleotide sequence encoding CAR. The term "noncoding region" refers to 
5 r and 3 ? sequences which flank the coding region that are not translated into amino acids 
(i.e., also referred to as 5' and 3' untranslated regions). 

35 Given the coding strand sequences encoding CAR disclosed herein (e.g., SEQ ID 

NO:l, or the nucleic acid sequence of the DNA insert of the plasmid deposited with the 
EMBL Accession Number Y07593, or SEQ ID NO:3), antisense nucleic acids of the 
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• . fn t u P rules of Watson and Crick base pairing. The 
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specific interactions in the major groove of the double helix. An example of a route of 
administration of an antisense nucleic acid molecule of the invention includes direct 
injection at a tissue site. Alternatively, an antisense nucleic acid molecule can be 
modified to target selected cells and then administered systemically. For example, for 
5 systemic administration, an antisense molecule can be modified such that it specifically 
binds to a receptor or an antigen expressed on a selected cell surface, e.g., by linking the 
antisense nucleic acid molecule to a peptide or an antibody which binds to a cell surface 
receptor or antigen. The antisense nucleic acid molecule can also be delivered to cells 
using the vectors described herein. To achieve sufficient intracellular concentrations of 

1 0 the antisense molecules, vector constructs in which the antisense nucleic acid molecule 
is placed under the control of a strong pol II or pol III promoter are preferred. 

In yet another embodiment, the antisense nucleic acid molecule of the invention 
is an a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms 
specific double-stranded hybrids with complementary RNA in which, contrary to the 

1 5 usual p-units, the strands run parallel to each other (Gaultier et al. (1 987) Nucleic Acids. 
Res. 15:6625-6641). The antisense nucleic acid molecule can also comprise a 2'-o- 
methylribonucleotide (Inoue et al. (1987) Nucleic Acids Res. 15:6131-6148) or a 
chimeric RNA-DNA analogue (Inoue e t al. (1987) FEBS Left. 215:327-330). 

In still another embodiment, an antisense nucleic acid of the invention is a 

20 ribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity which are 
capable of cleaving a single-stranded nucleic acid, such as an mRNA, to which they 
have a complementary region. Thus, ribozymes (e.g., hammerhead ribozymes 
(described in Haselhoff and Gerlach (1988) Nature 334:585-591)) can be used to 
catalytically cleave CAR mRNA transcripts to thereby inhibit translation of CAR 

25 mRNA. A ribozyme having specificity for an CAR-encoding nucleic acid can be 
designed based upon the nucleotide sequence of a CAR cDNA disclosed herein (i.e., 
SEQ ID NO: 1, or the nucleic acid sequence of the DNA insert of the plasmid deposited 
with the EMBL Accession Number Y07593, or SEQ ID NO:3). For example, a 
derivative of a Tetrahymena L-19 IVS RNA can be constructed in which the nucleotide 

30 sequence of the active site is complementary to the nucleotide sequence to be cleaved in 
an CAR-encoding mRNA. See, e.g., Cech et al. U.S. Patent No. 4,987,071 and Cech et 
al. U.S. Patent No. 5, 1 1 6,742. Alternatively, CAR mRNA can be used to select a 
catalytic RNA having a specific ribonuclease activity from a pool of RNA molecules. 
See, e.g., Bartel, D. and Szostak, J.W. (1993) Science 261:141 1-1418. 

35 Alternatively, CAR gene expression can be inhibited by targeting nucleotide 

sequences complementary to the regulatory region of the CAR (e.g., the CAR promoter 
and/or enhancers) to form triple helical structures that prevent transcription of the CAR 
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g ene in target cell, See generally, Helene, C. (1991) An^cer D^ Des. 6(6)^69- 
84; Helene C etal. (19H)** Mf. Acad. Sci. 660:27-36; and Maher, L.J. (1992) 
Bioassays 14(12):807-15. 

^n^ect^^ to vectors, preferably express^ 

vectors fining a nucleic acid encoding CAR (or a portion thereof) As used ere., 
I I™ "vector" efers to a nucleic acid molecule capable of transport an*he 
Tuc rac«h it has been linked. One type of vector is a "plasmid", w hl ch refers 
T Lble stranded DNA loop into which additional DNA segments can be 

replication and episoma, —an vecnors). <^""-«* ~ 

^ M. linked Such vectors are referred to herein as Vxpressronvecrors. In 
ISt^E of uti.iry in recombinan, DNA technic are often 
2 „ E5Z~ >»-^^ to,i0 ^T id "otI" Hoover, 

replication defective re*oviruses, adenoviruses and adeno-assocaled 

vim«;eO which serve equivalent functions. 

J yeciors of ^ inveMion ^prtse a nueletc aetd of 

the tove^a form stole fo, expression of toe noe.eic acid in a host eel., whteh 
m hie recombinant expression vectors include one or more regular, 
Zen" seieered on toe basts of toe host ceiis ro be used for expressron, whteh . a 
^vdy lintei » toe nucleic acid sequence ,0 be expressed. Wiftrn a recnmbtnan. 
3 0 reslol ^ "oparablv linked- is inrended ,0 meat fta. toe nucleotide sequence of 
" ItoC o I regularory se q uence(s) in a manner which allows for expression 

Ileoride sequence ,e,., in an to nW.au „ or .„ a 

hos. cell when toe vector is introduced into to. hos. cell). Theteno regulatory 
It „ e- is inrended ,0 includes promoters, enhancers and orher expressron co„«o 
35 Zenrs l g polyadenylation signals). Such regular sequences are descnbed, for 
Iple GoTdde.-, d recWogy: ««Ws to ^ 1*. 

21 Press. San Diego. CA ,1 990). Regularory sequences include toose whtch 
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direct constitutive expression of a nucleotide sequence in many types of host cell and 
those which direct expression of the nucleotide sequence only in certain host cells (e.g., 
tissue-specific regulatory sequences). It will be appreciated by those skilled in the art 
that the design of the expression vector can depend on such factors as the choice of the 
5 host cell to be transformed, the level of expression of protein desired, etc. The 

expression vectors of the invention can be introduced into host cells to thereby produce 
proteins or peptides, including fusion proteins or peptides, encoded by nucleic acids as 
described herein (e.g., CAR proteins, mutant forms of CAR, fusion proteins, etc.). 
The recombinant expression vectors of the invention can be designed for 

1 0 expression of CAR in prokaryotic or eukaryotic cells. For example, CAR can be 
expressed in bacterial cells such as E. colU insect cells (using baculovirus expression 
vectors) yeast cells or mammalian cells. Suitable host cells are discussed further in 
Goeddel, Gene Expression Technology: Methods in Enzymology 185, Academic Press, 
San Diego, CA (1990). Alternatively, the recombinant expression vector can be 

1 5 transcribed and translated in vitro, for example using T7 promoter regulatory sequences 

and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out in E. coli with 
vectors containing constitutive or inducible promoters directing the expression of either 
fusion or non-fusion proteins. Fusion vectors add a number of amino acids to a protein 

20 encoded therein, usually to the amino terminus of the recombinant protein. Such fusion 
vectors typically serve three purposes: 1) to increase expression of recombinant protein; 
2) to increase the solubility of the recombinant protein; and 3) to aid in the purification 
of the recombinant protein by acting as a ligand in affinity purification. Often, in fusion 
expression vectors, a proteolytic cleavage site is introduced at the junction of the fusion 

25 moiety and the recombinant protein to enable separation of the recombinant protein from 
the fusion moiety subsequent to purification of the fusion protein. Such enzymes, and 
their cognate recognition sequences, include Factor Xa, thrombin and enterokinase. 
Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc; Smith, D.B. 
and Johnson, K.S. (1988) Gene 67:31-40), pMAL (New England Biolabs, Beverly, MA) 

30 and pRIT5 (Pharmacia, Piscataway, NJ) which fuse glutathione S-transferase (GST), 
maltose E binding protein, or protein A, respectively, to the target recombinant protein. 
In one embodiment, the coding sequence of the CAR is cloned into a pGEX expression 
vector to create a vector encoding a fusion protein comprising, from the N-terminus to 
the C-terminus, GST-thrombin cleavage site-CAR. The fusion protein can be purified 

35 by affinity chromatography using glutathione-agarose resin. Recombinant CAR unfused 
to GST can be recovered by cleavage of the fusion protein with thrombin. 
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Examples of suitable MM notion £ erf expression vector include 
p T rc C< »- <" 88 » GOTe 69:30 '- 3,5) ^ ' Ul n ,„ 

rr:^7i»e^ i*.- 

5 RNA polymerase transcnption from a hybrid trp f _ . nlacfilsion 

. r tVip nFT lid vector relies on transcription from a T7 gnlO-lac fusion 
expression from the pET 1 la vector reii This viral 

^ o.^ Kv a coexoressed viral RNA polymerase (T7 gnl). This viral 
promoter med.ated by a coexpressed H , resident x 

polymerase is supplied by host strains BL21(DE3) or HM M <( > 

prophage harboring a T7 gnl gene under the transcriptional control of the lacUV 

1 ° FOm0t One strategy to maximize recombinant protein expression in Ecoli is to express 
the protein i a hos bacteria with an impaired capacity to proteolytically cleave the 
the protein m ^wessfon Technology: Methods m 

recombinant protein (Gottesman, S., Uene txpr 

Enzvmohgy 185, Academic Press, San Diego, California (1990) 119 128). Ano 
, 5 sZ^X alter the nucleic acid seouence of the nucleic acid to be inserted tnto an 

, e ,,«rc fnr expression in yeast S. cerivisae include pYepSecl (Baldan, et 
Examples of vectors for expression in -jn-933- 
a! (1987) £m> 0 J. 6:229-234), pMFa (Kurjan and Herskowitz^l 982) CeH 30*33 
ml P JRY88 (Schultz et al., (1987) G e « e 54:1 13-123), and P YES2 (Imogen 

Corporation, San Diego, CA). bacu iovirus expression 

<>< Alternatively, CAR can be expressed m insect cells using u* r 

25 «jt**: - j. ^ . - j- j - « - - - 

, P » ,e, another embodiment a ooolele aeid of the invention . expressed m 
30 mammalian cells using a mammalia, expression vector. Examples °— ^ 
expression vecors include pCDM8 (Seed, B. (1987) Nomre 329:840) and pMHPC 
Xfrnl et al (1917) EMBO J. 6:187-195). When used inmammaltan cells me 

viors coL. functions are often provided by vira, regulatory element, 

F„ «Lple, commonly used promos are derived ftom polyoma, Adenovirus 2 
For example, I ^ expression systems for both 

L Maniaus, T. Mutator Ctomng: -4 W-J **««* ^ «*• C ° W *"" S 
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Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
1989. 

In another embodiment, the recombinant mammalian expression vector is 
capable of directing expression of the nucleic acid preferentially in a particular cell type 
5 (e.g., tissue-specific regulatory elements are used to express the nucleic acid). Tissue- 
specific regulatory elements are known in the art. Non-limiting examples of suitable 
tissue-specific promoters include the albumin promoter (liver-specific; Pinkert et al. 
(1987) Genes Dev. 1:268-277), lymphoid-specific promoters (Calame and Eaton (1988) 
Adv. Immunol 43:235-275), in particular promoters of T cell receptors (Winoto and 

1 0 Baltimore (1989) EMBOJ. 8:729-733) and immunoglobulins (Banerji et al. (1983) Cell 
33:729-740; Queen and Baltimore (1983) Cell 33:741-748), neuron-specific promoters 
(e.g., the neurofilament promoter; Byrne and Ruddle (1989) PNAS 86:5473-5477), 
pancreas-specific promoters (Edlund et al. (1985) Science 230:912-916), and mammary 
gland-specific promoters (e.g., milk whey promoter; U.S. Patent No. 4,873,316 and 

1 5 European Application Publication No. 264,1 66). Developmentally-regulated promoters 
are also encompassed, for example the murine hox promoters (Kessel and Gruss (1990) 
Science 249:374-379) and the a-fetoprotein promoter (Campes and Tilghman (1 989) 
Genes Dev. 3:537-546). 

The invention further provides a recombinant expression vector comprising a 

20 DNA molecule of the invention cloned into the expression vector in an antisense 

orientation. That is, the DNA molecule is operatively linked to a regulatory sequence in 
a manner which allows for expression (by transcription of the DNA molecule) of an 
RNA molecule which is antisense to CAR mRNA. Regulatory sequences operatively 
linked to a nucleic acid cloned in the antisense orientation can be chosen which direct 

25 the continuous expression of the antisense RNA molecule in a variety of cell types, for 
instance viral promoters and/or enhancers, or regulatory sequences can be chosen which 
direct constitutive, tissue specific or cell type specific expression of antisense RNA. The 
antisense expression vector can be in the form of a recombinant plasmid, phagemid or 
attenuated virus in which antisense nucleic acids are produced under the control of a 

30 high efficiency regulatory region, the activity of which can be determined by the cell 
type into which the vector is introduced. For a discussion of the regulation of gene 
expression using antisense genes see Weintraub, H. et al., Antisense RNA as a molecular 
tool for genetic analysis, Reviews - Trends in Genetics, Vol. 1(1) 1986. 

Another aspect of the invention pertains to host cells into which a recombinant 

35 expression vector of the invention has been introduced. The terms "host cell" and 
"recombinant host cell" are used interchangeably herein. It is understood that such 
terms refer not only to the particular subject cell but to the progeny or potential progeny 
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A-^unns may occur in succeeding generations due 
of such a cell. Because count mo L progeny may not, in fact, be 

t0 either mutation or —e n^ • ^ rf the term . use d 
identical to the parent cell, but are still mciu 

^ „ h, anv orokaryotic or eukaryotic cell. For example, CAR protein 

5 A host cell can be any prokaryotic jr mamm alian cells 

can be expressed in bacterial cells sue > as E «M£^ ^ host cells „ 
(such as Chinese hamster ovary cells (CHO) or cus ; 
known to those skilled in the art. eukarvot ic cells via 

Vector D»A can be introduced ,„.o ***** • -*-T « 
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me thod further compnses isolating CAR from the m c 
The host cells of ihe invention can also be used to prou 

The host o screening assays designed to 

animals. The nonhuman transgenic animals can be usea 
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identify agents or compounds, e.g., drugs, pharmaceuticals, etc., which are capable of 
ameliorating detrimental symptoms of selected disorders such as cardiovascular 
disorders and proliferative disorders. For example, in one embodiment, a host cell of the 
invention is a fertilized oocyte or an embryonic stem cell into which CAR-coding 
5 sequences have been introduced. Such host cells can then be used to create non-human 
transgenic animals in which exogenous CAR sequences have been introduced into their 
genome or homologous recombinant animals in which endogenous CAR sequences have 
been altered. Such animals are useful for studying the function and/or activity of CAR 
and for identifying and/or evaluating modulators of CAR activity. As used herein, a 

10 "transgenic animal" is a nonhuman animal, preferably a mammal, more preferably a 
rodent such as a rat or mouse, in which one or more of the cells of the animal includes a 
transgene. Other examples of transgenic animals include nonhuman primates, sheep, 
dogs, cows, goats, chickens, amphibians, etc. A transgene is exogenous DNA which is 
integrated into the genome of a cell from which a transgenic animal develops and which 

15 remains in the genome of the mature animal, thereby directing the expression of an 
encoded gene product in one or more cell types or tissues of the transgenic animal. As 
used herein, a "homologous recombinant animal" is a nonhuman animal, preferably a 
mammal, more preferably a mouse, in which an endogenous CAR gene has been altered 
by homologous recombination between the endogenous gene and an exogenous DNA 

20 molecule introduced into a cell of the animal, e.g., an embryonic cell of the animal, prior 
to development of the animal. 

A transgenic animal of the invention can be created by introducing CAR- 
encoding nucleic acid into the male pronuclei of a fertilized oocyte, e.g., by 
microinjection, retroviral infection, and allowing the oocyte to develop in a 

25 pscudopregnant female foster animal. The human CAR cDNA sequence of SEQ ID 

i 

NO:l, or the nucleic acid sequence of the DNA insert of the plasmid deposited with the 
EMBL Accession Number Y07593, or SEQ ID NO:3 can be introduced as a transgene 
into the genome of a nonhuman animal. Alternatively, a nonhuman homologue of the 
human CAR gene, such as a mouse CAR gene, can be isolated based on hybridization to 

30 the human CAR cDNA (described further in subsection I above) and used as a 

transgene. Intronic sequences and polyadenylation signals can also be included in the 
transgene to increase the efficiency of expression of the transgene. A tissue-specific 
regulatory sequence(s) can be operably linked to the CAR transgene to direct expression 
of CAR protein to particular cells. Methods for generating transgenic animals via 

35 embryo manipulation and microinjection, particularly animals such as mice, have 
become conventional in the art and are described, for example, in U.S. Patent Nos. 
4,736,866 and 4,870,009, both by Leder et al., U.S. Patent No. 4,873,191 by Wagner et 
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f riR transrene in its genome and/or expression of CAR mRN A in 
presence of the C AR transgene g ^ ^ ^ 

5 .issues o, cell, of ihe animal, A ^«"<J° £ ^ ^ , 

transgenes. t . . a vcct0 r is prepared which contains 

T« create a homologous recombinant animal, a vector is prepm 

D^L. of the Plaamid deposited « me EMBL Accession * 
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using the human CAR cDNA of SEQ TD . SEQ ro 
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encodes a functional protein; also referred to as a knockout > 
ve c o Z be designed such that, upon homologous recombination, the endogenous 
25 CAR gene is mutated or otherwise altered but still encodes functional protem e.g., the 

, nn , an he altered to thereby alter the expression of the 

f the CAR eene is flanked at lis 5' and 3' ends by additional nuclerc acd of the CAR 

g , a pat? aene in an embryonic stem cell. 1 ne 

30 carried by the vector and an endogeno s CAR^ne a J ^ 

additional flanking CAR nucleic add la of sufflomnt 1^ ^ 

recombination with the endogenous gene. Typically, several 

(both at die J and 3' ends) are included in me vector (see e.g., Thomas, K.R. and 

M. R. ,1987, Cell 51:503 for a description ofhomologous recombmauon 
35 vectors) The vector is induced into an emb^onic stem cell line (=.g by 

^pomtion) and cells in which me introduced CAR gene has homologous,, 
.combined with the endogenous CAR gene are selected (see e.g., Li, E. et al. (1 992) 



WO 98/11221 



PCT/US97/16189 



-29- 

Cell 69:915). The selected cells are then injected into a blastocyst of an animal (e.g., a 
mouse) to form aggregation chimeras (see e.g., Bradley, A. in Teratocarcinomas and 
Embryonic Stem Cells: A Practical Approach, E.J. Robertson, ed. (IRL, Oxford, 1987) 
pp. 1 13-152). A chimeric embryo can then be implanted into a suitable pseudopregnant 
5 female foster animal and the embryo brought to term. Progeny harboring the 

homologously recombined DNA in their germ cells can be used to breed animals in 
which all cells of the animal contain the homologously recombined DNA by germline 
transmission of the transgene. Methods for constructing homologous recombination 
vectors and homologous recombinant animals are described further in Bradley, A. 

10 (1 991 ) Current Opinion in Biotechnology 2:823-829 and in PCT International 

Publication Nos.: WO 90/1 1354 by Le Mouellec et al.; WO 91/01 140 by Smithies et 
aL; WO 92/0968 by Zijlstra et al.; and WO 93/04169 by Berns et al. 

In another embodiment, transgenic nonhumans animals can be produced which 
contain selected systems which allow for regulated expression of the transgene. One 

15 example of such a system is the cre/loxP recombinase system of bacteriophage PI. For 
a description of the cre/loxP recombinase system, see, e.g., Lakso et al. (1992) PNAS 
89:6232-6236. Another example of a recombinase system is the FLP recombinase 
system of Saccharomyces cerevisiae (Overman et al. (1991) Science 251:1351-1355. If 
a cre/loxP recombinase system is used to regulate expression of the transgene, animals 

20 containing transgenes encoding both the Cre recombinase and a selected protein are 

required. Such animals can be provided through the construction of "double" transgenic 
animals, e.g., by mating two transgenic animals, one containing a transgene encoding a 
selected protein and the other containing a transgene encoding a recombinase. 

Clones of the nonhuman transgenic animals described herein can also be 

25 produced according to the methods described in Wilmut, I. et al. (1997) Nature 385:810- 
813. In brief, a cell, e.g., a somatic cell, from the transgenic animal can be isolated and 
induced to exit the growth cycle and enter G 0 phase. The quiescent cell can then be 
fused, e.g., through the use of electrical pulses, to an enucleated oocyte from an animal 
of the same species from which the quiescent cell is isolated. The reconstructed oocyte 

30 is then cultured such that it develops to morula or blastocyst and then transferred to 
pseudopregnant female foster animal. The offspring borne of this female foster animal 
will be a clone of the animal from which the cell, e.g., the somatic cell, is isolated. 

HI. Isolated CAR Proteins and Anti-CAR Antibodies 
35 Another aspect of the invention pertains to isolated CAR proteins, and 

biologically active portions thereof, as well as peptide fragments suitable for use as 
immunogens to raise anti-CAR antibodies. An "isolated" or "purified" protein or 
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acid sequence which is encoded by a nucleotide sequence which hybridizes, e.g., 
hybridizes under stringent conditions, to the nucleotide sequence of SEQ ID NO:l, or 
the nucleic acid sequence of the DNA insert of the plasmid deposited with the EMBL 
Accession Number Y07593, or SEQ ID NO:3. In still another preferred embodiment, 
5 the CAR protein has an amino acid sequence which is encoded by a nucleotide sequence 
that is at least about 50-66%, preferably at least about 60-70%, more preferably at least 
about 80-90%, more preferably at least about 90-92%, more preferably at least about 94- 
96%, and even more preferably at least about 98-99% or more homologous to the 
nucleotide sequence of SEQ ID NO: 1 , or the nucleic acid sequence of the DNA insert of 

10 the plasmid deposited with the EMBL Accession Number Y07593, or SEQ ID NO:3. 
The preferred CAR proteins of the present invention also preferably possess at least one 
of the CAR activities described herein. For example, a preferred CAR protein of the 
present invention includes an amino acid sequence encoded by a nucleotide sequence 
which hybridizes, e.g., hybridizes under stringent conditions, to the nucleotide sequence 

1 5 of SEQ ID NO: 1 , or the nucleic acid sequence of the DNA insert of the plasmid 

deposited with the EMBL Accession Number Y07593, or SEQ ID NO:3 and which can 
bind to the coxsackie B virus or adenovirus. 

In other embodiments, the CAR protein is substantially homologous to the amino 
acid sequence of SEQ ID NO:2 or SEQ ID NO:4 and retains the functional activity of 

20 the protein of SEQ ID NO:2 or SEQ ID NO:4 yet differs in amino acid sequence due to 
natural allelic variation or mutagenesis, as described in detail in subsection I above. 
Accordingly, in another embodiment, the CAR protein is a protein which comprises an 
amino acid sequence which is at least about 50-60%, preferably at least about 70-80%, 
and more preferably at least about 86, 88, 90%, and most preferably at least about 90- 

25 95% or more homologous to the entire amino acid sequence of SEQ ID NO:2 or SEQ ID 
NO:4 and which has at least one of the CAR activities described herein. In other 
embodiments, the invention pertains to a full length human protein which is 
substantially homologous to the entire amino acid sequence of SEQ ID NO:2 or SEQ ID 
NO:4 

30 Biologically active portions of the CAR protein include peptides comprising 

amino acid sequences derived from the amino acid sequence of the CAR protein, e.g., 
the amino acid sequence shown in SEQ ID NO:2 or SEQ ID NO:4 or the amino acid 
sequence of a protein homologous to the CAR protein, which include less amino acids 
than the full length CAR protein or the full length protein which is homologous to the 

35 CAR protein, and exhibit at least one activity of the CAR protein. Typically, 

biologically active portions (peptides, e.g., peptides which are, for example, 5, 10, 15, 
20, 30, 35, 36, 37, 38, 39, 40, 50, 100 or more amino acids in length) comprise a domain 
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Leu, polypeptide sequences are ligated togerher in-fiame . accordance wr.fi 
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conventional techniques, for example by employing blunt-ended or stagger-ended 
termini for ligation, restriction enzyme digestion to provide for appropriate termini, 
filling-in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and enzymatic ligation. In another embodiment, the fusion gene 
5 can be synthesized by conventional techniques including automated DNA synthesizers. 
Alternatively, PCR amplification of gene fragments can be carried out using anchor 
primers which give rise to complementary overhangs between two consecutive gene 
fragments which can subsequently be annealed and reamplified to generate a chimeric 
gene sequence (see, for example, Current Protocols in Molecular Biology, eds. Ausubel 

10 et al. John Wiley & Sons: 1992). Moreover, many expression vectors are commercially 
available that already encode a fusion moiety (e.g., a GST polypeptide). An CAR- 
encoding nucleic acid can be cloned into such an expression vector such that the fusion 
moiety is linked in-frame to the CAR protein. 

The present invention also pertains to homologues of the CAR proteins which 

1 5 function as either a CAR agonist (mimetic) or a CAR antagonist. In a preferred 
embodiment, the CAR agonists and antagonists stimulate or inhibit, respectively, a 
subset of the biological activities of the naturally occurring form of the CAR protein. 
Thus, specific biological effects can be elicited by treatment with a homologue of 
limited function. In one embodiment, treatment of a subject with a homologue having a 

20 subset of the biological activities of the naturally occurring form of the protein has fewer 
side effects in a subject relative to treatment with the naturally occurring form of the 
CAR protein. 

Homologues of the CAR protein can be generated by mutagenesis, e.g., discrete 
point mutation or truncation of the CAR protein. As used herein, the term "homologue" 

25 refers to a variant form of the CAR protein which acts as an agonist or antagonist of the 
activity of the CAR protein. An agonist of the CAR protein can retain substantially the 
same, or a subset, of the biological activities of the CAR protein. An antagonist of the 
CAR protein can inhibit one or more of the activities of the naturally occurring form of 
the CAR protein, by, for example, competitively binding to a downstream or upstream 

30 member of the CAR cascade which includes the CAR protein. Thus, the mammalian 
CAR protein and homologues thereof of the present invention can be either positive or 
negative regulators of the CAR binding to the coxsackie B virus and adenovirus. 

In ah alternative embodiment, homologues of the CAR protein can be identified 
by screening combinatorial libraries of mutants, e.g., truncation mutants, of the CAR 

35 protein for CAR protein agonist or antagonist activity. In one embodiment, a variegated 
library of CAR variants is generated by combinatorial mutagenesis at the nucleic acid 
level and is encoded by a variegated gene library. A variegated library of CAR variants 
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CAR di g nuance with a nuclease under conditions wherein nrctog occnn r onjy 
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treatment with SI nuclease, and rig g N-terminal, 
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J5 Several techniques are known in the art for screening gene ^products of 
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vectors, anu c f » encoding the gene whose product was 
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59:7811-7815; Delgrave et al. (1993) Free* Engineers «3):327-331). 
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In one embodiment, cell based assays can be exploited to analyze a variegated 
CAR library. For example, a library of expression vectors can be transfected into a cell 
line ordinarily capable of binding to the coxsackievirus or adenovirus. The transfected 
cells are then contacted with radiolabeled coxsackievirus or adenovirus and the effect of 
5 the CAR mutant on binding to the coxsackie B virus and adenovirus can be detected. 
Plasmid DNA can then be recovered from the cells which score for inhibition, or 
alternatively, potentiation of binding to the coxsackie B virus and adenovirus, and the 
individual clones further characterized. 

An isolated CAR protein, or a portion or fragment thereof, can be used as an 

1 0 immunogen to generate antibodies that bind CAR using standard techniques for 

polyclonal and monoclonal antibody preparation. The full-length CAR protein can be 
used or, alternatively, the invention provides antigenic peptide fragments of CAR for use 
as immunogens. The antigenic peptide of CAR comprises at least 8 amino acid residues 
of the amino acid sequence shown in SEQ ID NO:2 or SEQ ID NO:4 and encompasses 

1 5 an epitope of CAR such that an antibody raised against the peptide forms a specific 
immune complex with CAR. Preferably, the antigenic peptide comprises at least 10 
amino acid residues, more preferably at least 15 amino acid residues, even more 
preferably at least 20 amino acid residues, and most preferably at least 30 amino acid 
residues. Preferred epitopes encompassed by the antigenic peptide are regions of CAR 

20 that are located on the surface of the protein, e.g., hydrophilic regions. 

A CAR immunogen typically is used to prepare antibodies by immunizing a 
suitable subject, (e.g., rabbit, goat, mouse or other mammal) with the immunogen. An 
appropriate immunogenic preparation can contain, for example, recombinantly 
expressed CAR protein or a chemically synthesized CAR peptide. The preparation can 

25 further include an adjuvant, such as Freund's complete or incomplete adjuvant, or similar 
immunostimulatory agent. Immunization of a suitable subject with an immunogenic 
CAR preparation induces a polyclonal anti-CAR antibody response. 

Accordingly, another aspect of the invention pertains to anti-CAR antibodies. 
The term "antibody" as used herein refers to immunoglobulin molecules and 

30 immunologically active portions of immunoglobulin molecules, i.e., molecules that 

contain an antigen binding site which specifically binds (immunoreacts with) an antigen, 
such as CAR. Examples of immunologically active portions of immunoglobulin 
molecules include F(ab) and F(ab')2 fragments which can be generated by treating the 
antibody with an enzyme such as pepsin. The invention provides polyclonal and 

35 monoclonal antibodies that bind CAR. The term "monoclonal antibody" or "monoclonal 
antibody composition", as used herein, refers to a population of antibody molecules that 
contain only one species of an antigen binding site capable of immunoreacting with a 
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particular epuope of CAR. A monoclone antibody cordon 
single bindrng affinity for a particular CAR protein w,th whtch « ~p 
Polyclonal anti-CAR antibodies can be prepared as desenbed above by 
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Mfisrein (1975, 256H95-497, (see also, M 

127-539-l6;Bn.wnetal. (1980)7. W. Ctem.255.4980-83 Yehetal.l. 

15 6^27-3. and Yeh etal. (,982,/nt. , Cnncez 29:269-75), the more rMeot^htnnan B 
cell hybridoma technique (Kozbor et al. (1983) Irmmcl Today 4:72), the 
SI technique (Cole e, .1. < .985), Monoclonal **** ^ C ^™' 
In R. Lias, inc., pp. 77-96, or uiomu techniques. The ^hnologj , for « 
mo „ocl„»al anribody hybridomaa is we,, known (see geneially * 

20 Monoclonal AntitoSes: A New Z>— » Bu^tcatA^ ^Plenum Publtsntng 
Con. N=wYork,NewYo,k(1980, ; E.A.Lemer(>981,Ma-'^'^ i ; 

I— ine (typically a myeloma, is ftuaed to lympbocy.es « 
from a mammal immunized with a CAR intmunogen as desenbed above, an hhe culture 
25 supernal of me resulting hybridoma cefis ate screened ,0 tdentfty a hybndoma 
oroducing a monoclonal antibody that binds CAR. 

My of the many well knovm ptorocols used for fusing lymphooyies and 

i mm nrtalized cell fines can be applied for the purpose of generating an antt-CAR 
immortalized ceil tines rr 266:55052; Gefter etal. 

monoclonal antibody (see, e.g., 0. Galffe et al. (1977) Nature z 

• j Tarnpr y„/* / R/W Aferf., cited supra; Kenneth, 

30 Somatic Cell Genet. , cited supra; Lerner, Yale J. clot. JWe , ' 

A/ouocW^nr/Wies, cited supro). Moreover, the ordinanly stalled t"*"" 111 
Ire l that there are many venations of such memods which a.ao would be useful. 
» t inmtona. cell line (e.g., a myeloma cel, line, is derived from the 
mlml species aa me lymphoeytea. For example, murine hybridomas can bo ma e 
35 TyTuaing lymphocytes from a mouse immunized with an immunogenic prepare*, of 
ie pin. invention with an immonalized mouse cell line. Preferred tmmortal cell 
TJZ mouse myeloma cell fines ma, are sensitive to culture tnedtum contatntng 



WO 98/11221 



PCT7US97/1618? 



-37- 

hypoxanthine, aminopterin and thymidine ("HAT medium"). Any of a number of 
myeloma cell lines can be used as a fusion partner according to standard techniques, 
e.g., the P3-NSl/l-Ag4-l, P3-x63-Ag8.653 or Sp2/0-Agl4 myeloma lines. These 
myeloma lines are available from ATCC Typically, HAT-sensitive mouse myeloma 
5 cells are fused to mouse splenocytes using polyethylene glycol ("PEG"). Hybridoma 
cells resulting from the fusion are then selected using HAT medium, which kills unfused 
and unproductively fused myeloma cells (unfused splenocytes die after several days 
because they are not transformed). Hybridoma cells producing a monoclonal antibody 
of the invention are detected by screening the hybridoma culture supernatants for 

1 0 antibodies that bind CAR, e.g., using a standard ELISA assay. 

Alternative to preparing monoclonal antibody-secreting hybridomas, a 
monoclonal anti-CAR antibody can be identified and isolated by screening a 
recombinant combinatorial immunoglobulin library (e.g., an antibody phage display 
library) with CAR to thereby isolate immunoglobulin library members that bind CAR. 

15 Kits for generating and screening phage display libraries are commercially available 

(e.g., the Pharmacia Recombinant Phage Antibody System, Catalog No. 27-9400-0 1 ; and 
the Stratagene SurJZAP™ Phage Display Kit, Catalog No. 240612). Additionally, 
examples of methods and reagents particularly amenable for use in generating and 
screening antibody display library can be found in, for example, Ladner et al. U.S. 

20 Patent No. 5,223,409; Kang et al. PCT International Publication No. WO 92/1 8619; 
Dower et al. PCT International Publication No. WO 91/17271 ; Winter et al. PCT 
• International Publication WO 92/20791; Markl and et al. PCT International Publication 
No. WO 92/15679; Breitling et al. PCT International Publication WO 93/01288; 
McCafferty et al. PCT International Publication No. WO 92/01 047; Garrard et al. PCT 

25 International Publication No. WO 92/09690; Ladner et al. PCT International Publication 
No. WO 90/02809; Fuchs et al. (1991) Bio/Technology 9:1370-1372; Hay et al. (1992) 
Hum. Antibod Hybridomas 3:81-85; Huse et al. (1989) Science 246:1275-1281; 
Griffiths et al. (1993) EMBO J 12:725-734; Hawkins et al. (1992) J. Mol Biol 226:889- 
896; Clarkson et al. (1991) Nature 352:624-628; Gram et al. (1992) PNAS 89:3576- 

30 3580; Garrad et al. (1991) Bio/Technology 9:1373-1377; Hoogenboom et al. (1991) Nuc. 
Acid Res. 19:4133-4137; Barbas et al. (1991) PNAS 88:7978-7982; and McCafferty et 
al. Nature (1990) 348:552-554. 

Additionally, recombinant anti-CAR antibodies, such as chimeric and humanized 
monoclonal antibodies, comprising both human and non-human portions, which can be 

35 made using standard recombinant DNA techniques, are within the scope of the 

invention. Such chimeric and humanized monoclonal antibodies can be produced by 
recombinant DNA techniques known in the art, for example using methods described in 
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**« e, a.. International App.ica.ion No. FCT/US86/02269; ^ • * » 

• 1C4 187- Taniouchi M European Patent Application 171,496, 
Patent Application 184,187, Tamguchi, M P ^ 
Morrison et al. European Patent Application 173,494, NeubeigB 

■ x, u/n 8A/ni «v Cabillv et al. U.S. Patent No. 4,816,567, CabUiy ci ai. 
Publication No. WO 86/015 J J, ^aDiuycioi. i/u^Tin 

,• ii<iY)vnetteretal (1988) Science 240:1041-1043, Liu 
5 European Patent Application 125,023, Better et al. 1 ; 

*»t al H9871 iW/aS 84:3439-3443; Liu et al. (1987) J. Immunol. 139:3521-3526, Sonet 
rtd. (1987) «vj» »*».■>•" /lOB-nr/mr ffes 47 999- 1005; Wood et 

al (1987) PM4S 84:214-218; Nishimura et al. (1987) Cane. /ce& 47.99y i , 
1 985 Afar** 314 446-449; and Shaw et al. (1988) J. Natl. Cancer Inst. 80.1553- 
a, (1985) Nature 31* • 229:120 2-1207; Oi et al. (1986) BioTechniaues 

1559); Morrison, S. L. (198b) science tn.x „. „, ,, v 

,0 4 214 ^- Winter U.S.Pa.00. 5,225,539; Jones e,al. (1986) W^ra 32 . 52-525 

Verho'eya. « * OW*™ »*>»* - ^ ^ <1988) ' 

141 " 40 "ItcAR -bod, (,,, monoclonal antibody, eon be used ,0 *ola« CAR 
by suindard techniques, such as affinity chromatography or immunoprecipitaoon. An 
15 anti-CAR antibody can facilitate the purification of natum, CAR ft. 

rccombinantly produced CAR expressed in host cells. Moreover an an.,-CAR antibody 
Zl sed . detect CAR protein (e.g., in a ce,ln,ar lysar. or cel, supernal) in mder 
"valua* the abundance and pane™ of expression of the CAR protetn. Anu-CAR 
Indies can be used diagnostic^ to monitor protein levels ,„ tissue as partof a 
20 lie, tearing Procedure, e,„ to, for example, determine ^llyZw *. 
treatment regimen. Detection can be facilitated by coupling (i.e., physically inking, 
Itoy"! detectable substance. Examples of detectable substances tnclude various 
enavmes prosthetic groups, fluorescent materials, luminescent materials 

materials, and rad.oac.ive materials. Examples of suitab e enzyme, 
include horseradish peroxidase, alkaline phosphatase, (!-galac>os,dase, or 
acetylcholinesterase; examples of suitable prosthetic group complexes include 

ana -duVhiorin; examples of suitable fluorescent matertals include 
nmhelliferone fluorescein, fluorescein isothiocyanate, rhodamine, 
W ^ ylanrine fluorescein, dansy, chloride or phyooeryduin; an example of a 
ILcent m teria, includes luminol; examples of bioluminesoen. matenals include 
ZZL. lueiferin, and aequorin, and examples of suitable radioaouve matenal include 
125 I 131 I 35 Sor 3 H 

TV Ph armaceutic *' impositions 

TheCARnutotc^ecules, CAR proteins, CAR modulators, and ant,- 

CAR antibodies (also referred to herein as "active compounds") of the invention can be 
grated into pharmaceutical compositions suitable for administration to a sublet, 
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e.g., a human. Such compositions typically comprise the nucleic acid molecule, protein, 
modulator, or antibody and a pharmaceutical^ acceptable carrier. As used herein the 
• language "pharmaceutical^ acceptable carrier" is intended to include any and all 

solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 
5 absorption delaying agents, and the like, compatible with pharmaceutical administration. 
The use of such media and agents for pharmaceutical^ active substances is well known 
in the art. Except insofar as any conventional media or agent is incompatible with the 
active compound, such media can be used in the compositions of the invention. 
Supplementary active compounds can also be incorporated into the compositions. 

10 A pharmaceutical composition of the invention is formulated to be compatible 

with its intended route of administration. Examples of routes of administration include 
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation), 
transdermal (topical), transmucosal, and rectal administration. Solutions or suspensions 
used for parenteral, intradermal, or subcutaneous application can include the following 

1 5 components: a sterile diluent such as water for injection, saline solution, fixed oils, 
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; 
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of 

20 tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases, 
such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be 
enclosed in ampoules, disposable syringes or multiple dose vials made of glass or 
plastic. . . 

Pharmaceutical compositions suitable for injectable use include sterile aqueous 
25 solutions (where water soluble) or dispersions and sterile powders for the 
extemporaneous preparation of sterile injectable solutions or dispersion. For 
intravenous administration, suitable carriers include physiological saline, bacteriostatic 
water, Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered saline (PBS). In 
all cases, the composition must be sterile and should be fluid to the extent that easy 
30 syringability exists. It must be stable under the conditions of manufacture and storage 
and must be preserved against the contaminating action of microorganisms such as 
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid 
polyetheylene glycol, and the like), and suitable mixtures thereof. The proper fluidity 
35 can be maintained, for example, by the use of a coating such as lecithin, by the 

maintenance of the required particle size in the case of dispersion and by the use of 
surfactants. Prevention of the action of microorganisms can be achieved by various 
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^bacteria, and antimnga, agen-s, for example, parabans, ^ 
ascorbic acid, Hwl and the like. In many cases, .. wrll beprefe*.. ^ 
isotonic agems, for example, suga*. polyalcobols such as matutol, sortmol, sodmm 
1* i .he composition. Prolonged abaorprion of me injectable compos, ons - be 
5 Cgn. abou, by including in me composirion an agen, which delays abaorprron, for 
example, aluminum monostearate and gelatut. 

Sterile injemble solutions can be prepared by incotporattng the acuve 
compound (e.g., a CAR ptotein or anti-CAR antibody) in the required amount . • 
pZpriate so vent with one or a combination of ingredients .numem.ed above* 
,0 ZZd. followed by fltered s,erilizado„. Generally, dispel are prepay b, 
lornting dre «*• compound inro a sterile vehicle which contams a ba*e 
Ln medium and the required other ingredients from the* «— *~ " 
th case of srerile powdets for the preparation of sterile injemble soluuon^ fte 
^todmlods of preparation are vacuum drying and freeze-drying whtch ytelds a 
, 5 ^oft active ingredient plus any additlona, desired ingredient from a prevtous,, 

sterile-filtered solution thereof. 

Oral composiriona generally include an inert diluent or an ed.ble earner. Tta, 
am be enclosed in gelatin capsules or compressed into tablets. For the ptnpo* of oral 
2, IZ m — ion, I aotive compound can be incorporated £ 
20 used nthe form of tablets, troches, or capsules. Oral ^"^^ <s 
using a fluid camier for use as a mouthwash, wherein the compound m the flutd earner 
. "ltd orally and swtshed and expectorated or St— 
compatible binding agents, and/or adjuvant materials can be mcluded as par. of te 
com oaition. The .ablets, pills, capsules, troehes and ,he like can «*_ any of the 
25 following ingredients, or compounds of a similar nature: a tander such ,» 

m IcrystalL cellulose, gum tragacanth or gelatin; an excipien. such as stareh o, 
ZZ a disintegrating agen, such as alginio acid, Primogel, or com amrch; a lubrtean. 
^ h" magnesnl stearate or Sterotes; a glidant such as colloidal stltoon d,ox,de;a 
letening agent such as sucrose or saccharin; 0, a flavoring agen, such as peppenrnmt, 

30 m£,M fby -In, the compounds are delivered m dre fom, of a, 

aerosol sptay from pressured container or dispenser which contains a su.table propellant, 
eg a gas such as carbon dioxide, or a nebulizer. 

Systemic administration oan also be by transmuoosal or transdermal means. For 

35 transmucosa, or transdemta. admntisuation, penetrants appropriate to me batner K> he 
permeated are used in the fomtulation. Such penetrants are generally .mown m *e art, 
and include, for example, for tmnsmuoosal adminis.ra.ion, detergents, hde sate, and 
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fusidic acid derivatives. Transmucosal administration can be accomplished through the 
use of nasal sprays or suppositories. For transdermal administration, the active 
compounds are formulated into ointments, salves, gels, or creams as generally known in 
the art. 

5 The compounds can also be prepared in the form of suppositories (e.g., with 

conventional suppository bases such as cocoa butter and other glycerides) or retention 

enemas for rectal delivery. 

In one embodiment, the active compounds are prepared with carriers that will 
protect the compound against rapid elimination from the body, such as a controlled 

1 0 release formulation, including implants and microencapsulated delivery systems. 
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate, 
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. 
Methods for preparation of such formulations will be apparent to those skilled in the art. 
The materials can also be obtained commercially from Alza Corporation and Nova 

1 5 Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected 
cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutically 
acceptable carriers. These can be prepared according to methods known to those skilled 
. in the art, for example, as described in U.S. Patent No. 4,522,81 1. 

It is especially advantageous to formulate oral or parenteral compositions in 

20 dosage unit form for ease of administration and uniformity of dosage. Dosage unit form 
as used herein refers to physically discrete units suited as unitary dosages for the subject 
to be treated; each unit containing a predetermined quantity of active compound 
calculated to produce the desired therapeutic effect in association with the required 
pharmaceutical carrier. The specification for the dosage unit forms of the invention are 

25 dictated by and directly dependent on the unique characteristics of the active compound 
and the particular therapeutic effect to be achieved, and the limitations inherent in the art 
of compounding such an active compound for the treatment of individuals. 

The nucleic acid molecules of the invention can be inserted into vectors and used 
as gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for 

30 example, intravenous injection, local administration (see U.S. Patent 5,328,470) or by 
stereotactic injection (see e.g., Chen et al. (1994) PNAS 91:3054-3057). The 
pharmaceutical preparation of the gene therapy vector can include the gene therapy 
vector in an acceptable diluent, or can comprise a slow release matrix in which the gene 
delivery vehicle is imbedded. Alternatively, where the complete gene delivery vector 

35 can be produced intact from recombinant cells, e.g. retroviral vectors, the 

pharmaceutical preparation can include one or more cells which produce the gene 
delivery system. 
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„. y. P included in a container, pack, or 
The pharmaceutical compositions can be mcluaeo in 

dispenser together with instructions for administration. 
V Uses ™* Methods o *" the Invention 

herein can be used in on. or more of *e « •> 

be used to, for example, moa molecules 
i n cnv^ckievirus or adenovirus to a responsive cell. The isoiatea nuc 

_ in . host ce„ in gene thempy ^^^S^- - 

, 5 Ipounds which — CAR protein - - - « ^AR 

characterized by production and expression of CAR protein. Also, in 
Inltsoftbe invention con be used to detect and isolate CAR protein and modulate 

CAR protein activity. 

on a D rug Screen inp Assays: 

The inv^ut^d^ds for identifying compounds or agents which can 

be used to treat disorders characterized by (or associated with) CAR nuc eic acid 

pi ion Ld/or CAR protein activity. These methods „ also re erre to as 
drug screening assays and typically include the step of screening ^ -~st 
25 compound or agent for the ability to interact with (e.g., bind to) a CAR 
25 compound ofe . nro tein and a target molecule, and/or to modulate 

modulate the mteraction of a CAR protein and g compounds or 

CAR nucleic acid expression and/or CAR protein activny. ^ 

which have one or tnore of Ihese abnities can be usod as d„igs to neat disorders 
characterized by CAR nucleic acid expression and/or CAR protein activity, 
characterize o, , . .n™!.™!^ »e small organ c molecules, and 

30 Candidate/rest compounds such as small molecules, e.g., smai t. 

other drug candidates can be obtained, for example, from combinatory and nannal 

^"mbodiment, the invention provides assays for screening candidal 
compd which interact win, (e.g., hind to) CAR protein. Typical*, Ute = 
35 CtL assays which include die steps of combining a CAR protein or a biology 
lr P onion thereof, and a candidate/test contend, e.g„ under 
aUow for inteiaetion of (e.g., binding of) die candidate/test compound » die CAR 
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protein or portion thereof to form a complex, and detecting the formation of a complex, 
in which the ability of the candidate compound to interact with (e.g., bind to) the CAR 
protein or portion thereof is indicated by the presence of the candidate compound in the 
complex. Formation of complexes between the CAR protein and the candidate 
5 compound can be quantitated, for example, using standard immunoassays. 

In another embodiment, the invention provides screening assays to identify 
candidate/test compounds which modulate (e.g., stimulate or inhibit) the interaction (and 
most likely CAR activity as well) between a CAR protein and a molecule (target 
molecule) with which the CAR protein normally interacts. Examples of such target 

10 molecules includes proteins in the same signaling path as the CAR protein, e.g., proteins 
which may function upstream (including both stimulators and inhibitors of activity) or 
downstream of the CAR protein. Typically, the assays are cell-free assays which 
include the steps of combining a CAR protein or a biologically active portion thereof, a 
CAR target molecule (e.g., a CAR ligand) and a candidate/test compound, e.g., under 

15 conditions wherein but for the presence of the candidate compound, the CAR protein or 
biologically active portion thereof interacts with (e.g., binds to) the target molecule, and 
detecting the formation of a complex which includes the CAR protein and the target 
molecule or detecting the interaction/reaction of the CAR protein and the target 
molecule. Detection of complex formation can include direct quantitation of the 

20 complex by, for example, measuring inductive effects of the CAR protein. A 

statistically significant change, such as a decrease, in the interaction of the CAR and 
target molecule (e.g., in the formation of a complex between the CAR and the target 

* * 

molecule) in the presence of a candidate compound (relative to what is detected in the 
absence of the candidate compound) is indicative of a modulation (e.g., stimulation or 

25 inhibition) of the interaction between the CAR protein and the target molecule. 
Modulation of the formation of complexes between the CAR protein and the target 
molecule can be quantitated using, for example, an immunoassay. 

To perform the above drug screening assays, it is desirable to immobilize either 
CAR or its target molecule to facilitate separation of complexes from uncomplexed 

30 forms of one or both of the proteins, as well as to accommodate automation of the assay. 
Interaction (e.g., binding of) of CAR to a target molecule, in the presence and absence of 
a candidate compound, can be accomplished in any vessel suitable for containing the 
reactants. Examples of such vessels include microtitre plates, test tubes, and micro- 
centrifuge tubes. In one embodiment, a fusion protein can be provided which adds a 

35 domain that allows the protein to be bound to a matrix. For example, glutathione-S- 
transferase/ CAR fusion proteins can be adsorbed onto glutathione sepharose beads 
(Sigma Chemical, St. Louis, MO) or glutathione derivatized microtitre plates, which are 
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In one embodiment, expression of the CAR nucleic acid or activity of a CAR protein is 
modulated in cells and the effects of candidate compounds on the readout of interest 
(such as rate of cell proliferation or differentiation) are measured. For example, the 
expression of genes which are up- or down-regulated in response to a CAR-dependent 
5 signal cascade can be assayed. In preferred embodiments, radiolabeled coxsackievirus 
or adenovirus, as well as, competition binding assay, are used for detection and 
quantitation. 

Alternatively, modulators of CAR expression (e.g., compounds which can be 
used to treat a disorder characterized by CAR nucleic acid expression or CAR protein 

10 activity) can be identified in a method wherein a cell is contacted with a candidate 

compound and the expression of CAR mRNA or protein in the cell is determined. The 
level of expression of CAR mRNA or protein in the presence of the candidate compound 
is compared to the level of expression of CAR mRNA or protein in the absence of the 
candidate compound. The candidate compound can then be identified as a modulator of 

1 5 CAR nucleic acid expression based on this comparison and be used to treat a disorder 
characterized by CAR nucleic acid expression. For example, when expression of CAR 
mRNA or protein is greater (statistically significantly greater) in the presence of the 
candidate compound than in its absence, the candidate compound is identified as a 
stimulator of CAR mRNA or protein expression. Alternatively, when expression of 

20 CAR mRNA or protein is less (statistically significantly less) in the presence of the 
candidate compound than in its absence, the candidate compound is identified as an 
inhibitor of CAR mRNA or protein expression. The level of CAR mRNA or protein 
expression in the cells can be determined by methods described herein for detecting 
CAR mRNA or protein. 

25 In yet another aspect of the invention, the CAR proteins can be used as "bait 

proteins" in a two-hybrid assay (see, e.g., U.S. Patent No. 5,283,3 1 7; Zervos et al. 
(1993) Cell 72:223-232; Madura et al. (1993) J. Biol. Chem. 268:12046-12054; Bartel et 
al. (1993) Biotechniques 14:920-924; Iwabuchi et al. (1993) Oncogene 8:1693-1696; 
and Brent WO94/10300), to identify other proteins, which bind to or interact with CAR 

30 ("CAR-binding proteins" or "CAR-bp") and modulate CAR protein activity. Such 

CAR-binding proteins are also likely to be involved in the propagation of signals by the 
CAR proteins as, for example, upstream or downstream elements of the CAR pathway. 

The two-hybrid system is based on the modular nature of most transcription 
factors, which consist of separable DNA-binding and activation domains. Briefly, the 

35 assay utilizes two different DNA constructs. In one construct, the gene that codes for 
CAR is fused to a gene encoding the DNA binding domain of a known transcription 
factor (e.g., GAL-4). In the other construct, a DNA sequence, from a library of DNA 
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the EMBL Accession Number Y07593, or SEQ ID NO:3, or a portion thereof, such as 
an oligonucleotide of at least 15, 30, 50, 100, 250 or 500 nucleotides in length and 
sufficient to specifically hybridize under stringent conditions to CAR mRNA. A 
preferred agent for detecting CAR protein is a labeled or labelable antibody capable of 
5 binding.to CAR protein. (See, Hsu, K.-H. L., Lonberg-Holm, K., Alstein, B. and 
Crowell, R. L. (1988). A monoclonal antibody specific for the cellular receptor for the 
group B coxsackieviruses. J. Virol. 62, 1647-1652). Antibodies can be polyclonal, or 
more preferably, monoclonal. An intact antibody, or a fragment thereof (e.g., RmcB) 
can be used. The term "labeled or labelable", with regard to the probe or antibody, is 

10 intended to encompass direct labeling of the probe or antibody by coupling (i.e., 

physically linking) a detectable substance to the probe or antibody, as well as indirect 
labeling of the probe or antibody by reactivity with another reagent that is directly 
labeled. Examples of indirect labeling include detection of a primary antibody using a 
fluorescently labeled secondary antibody and end-labeling of a DNA probe with biotin 

15 such that it can be detected with fluorescently labeled streptavidin. The term "biological 
sample" is intended to include tissues, cells and biological fluids isolated from a subject, 
as well as tissues, cells and fluids present within a subject. That is, the detection method 
of the invention can be used to detect CAR mRNA or protein in a biological sample in 
vitro as well as in vivo. For example, in vitro techniques for detection of CAR mRNA 

20 include Northern hybridizations and in situ hybridizations. In vitro techniques for 
detection of CAR protein include enzyme linked immunosorbent assays (ELISAs), 
Western blots, immunoprecipitations and immunofluorescence. Alternatively, CAR 
protein can be detected in vivo in a subject by introducing into the subject a labeled anti- 
CAR antibody. For example, the antibody can be labeled with a radioactive marker 

25 whose presence and location in a subject can be detected by standard imaging 
techniques. 

In one preferred embodiment of the detection method, the biological sample is a 
cardiac cell sample. A tissue section, for example, a freeze-dried or fresh frozen section 
of tissue removed from a patient, can be used as the cardiac cell sample. Alternatively, 
30 the biological sample can comprise a biological fluid obtained from a subject having a 
cardiac infection. 

The invention also encompasses kits for detecting the presence of CAR in a 
biological sample. For example, the kit can comprise a labeled or labelable compound 
or agent capable of detecting CAR protein or mRNA in a biological sample; means for 
35 determining the amount of CAR in the sample; and means for comparing the amount of 
CAR in the sample with a standard. The compound or agent can be packaged in a 
suitable container. The kit can further comprise instructions for using the kit to detect 
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specific ribozymes (see, for example, U.S. Patent No. 5,498,531) can be used to score 
for the presence of specific mutations by development or loss of a ribozyme cleavage 
site. 

In yet another embodiment, any of a variety of sequencing reactions known in 
5 the art can be used to directly sequence the CAR gene and detect mutations by 

comparing the sequence of the sample CAR with the corresponding wild-type (control) 
sequence. Examples of sequencing reactions include those based on techniques 
developed by Maxim and Gilbert ((1977) PNAS 74:560) or Sanger ((1 977) PNAS 
74:5463). A variety of automated sequencing procedures can be utilized when 

10 performing the diagnostic assays ((1995) Biotechniques 19:448), including sequencing 
by mass spectrometry (see, e.g., PCT International Publication No. WO 94/16101; 
Cohen et al. (1996) Adv. Chromatogr. 36: 127-1 62; and Griffin et al. (1993) Appl 
Biochem. Biotechnol 38:147-159). 

Other methods for detecting mutations in the CAR gene include methods in 

15 which protection from cleavage agents is used to detect mismatched bases in RNA/RNA 
or RNA/DNA duplexes (Myers et al. (1985) Science 230:1242); Cotton et al. (1988) 
PNAS 85:4397; Saleeba et al. (1 992) Meth. Enzymol 217:286-295), electrophoretic 
- mobility of mutant and wild type nucleic acid is compared (Orita et al. (1989) PNAS 
86:2766; Cotton (1993) Mutat Res 285:125-144; and Hayashi (1992) Genet Anal Tech 

20 Appl 9:73-79), and movement of mutant or wild-type fragments in polyacrylamide gels 
containing a gradient of denaturant is assayed using denaturing gradient gel 
electrophoresis (Myers et al (1 985) Nature 3 1 3 :495). Examples of other techniques for 
detecting.point mutations include, selective oligonucleotide hybridization, selective 
amplification, and selective primer extension. 

25 

c. Methods of Treatment 

Another aspect of the invention pertains to methods for treating a subject, e.g., a 
human, having a disease or disorder characterized by (or associated with) CAR nucleic 
acid expression and/or CAR protein activity. These methods include the step of 

30 administering a CAR modulator to the subject such that treatment occurs. As the CAR 
protein is involved in the attachment and infectivity or entry of the coxsackievirus and 
the adenovirus, CAR activity or expression creates an increased risk of infection. Non- 
limiting examples of disorders or diseases characterized by or associated with CAR 
activity or expression include infections affecting the heart, pancreas, and central 

35 nervous system, as well as, the respiratory and gastrointestinal tracts. Cardiac infections 
are disorders which detrimentally affect normal cardiovascular function. Examples of 
cardiac infections include acute viral myocarditis and pericarditis, as well as, dilated 



PCT/US97/16189 

WO 98/11221 

-50- 

„• a ,hv Pancreatic and central nervous system infections are disorders which 

funclion o f the pancre«»d — * 
acute pancreatitis, meningoencephalitis, and non-specific febrile 
disorder characterized hy or associated with CAR aottvt.y or 
5 chi ,dhoodonse, diabetes. 

mating a suhjeo. having a ^ ~^£££L 0» treauneu, of 
— * — °*Z^X herein, refer ,0 reduction 

r:r::: r-n - - — - ■ t - ~ • 

,0 dllc o, disorder characterized hy or associated with CAR ptotetn acrtvtty or CAR 

"^m"^ CAR modulator is a molecule which can modulate CAR 
oooieict idCssio; and/or CAR protein activity. For example, a CAR, — 

, 5 exoression In another example, a CAR modulator can modulate (e g., simulate 
CAR orcein activity. If it is dasirahle to treat a to or disorder 

y oXiaL wim> CAR nucleic acid expression an^or CAR proton, 
"biting CAR nucleic acid expression, a CAR modular can £ - 
I JJmolecu, e,., a Hbozy ^ descried here, — = _ 
20 molecules which can bo used <o -total CAR > rf SEp ro 

EMbL Accession Number Y07593, or SEQ ID NO:3 which also includcsthe start 
codon and antisense molecules which are complementary ,o a portion 0 f » = 3 
J5 untranslated region of SEQ ID NOH.or the nucleic acid ^°^BQIDN^ * 
plasmid deposited with the EMBL Accession Number Y07593 or SEQ ID NO J. A 
CAR modulator which inhibits CAR nucleic aoid expression can also be a small 
-11 „, odte. drug, a,., a small molecule or drug idet-fted using *e = 
^ays described herein, which inhibit CAR nude- acd expre*-n. If » » 
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Alternatively, if it is desirable to treat a disease or disorder characterized by (or 
associated with) CAR nucleic acid expression and/or CAR protein activity by inhibiting 
CAR protein activity, a CAR modulator can be an anti-CAR antibody or a small 
molecule or other drug, e.g., a small molecule or drug identified using the screening 

5 assays described herein, which inhibits CAR protein activity. If it is desirable to treat a 
disease or disorder characterized by (or associated with) CAR nucleic acid expression 
and/or CAR protein activity by stimulating CAR protein activity, a CAR modulator can 
be an active CAR protein or portion thereof (e.g., a CAR protein or portion thereof 
having an amino acid sequence which is homologous to the amino acid sequence of SEQ 

10 ID NO:2 or SEQ ID NO:4 or a portion thereof) or a small molecule or other drug, e.g., a 
small molecule or drug identified using the screening assays described herein, which 
stimulates CAR protein activity. 

Other aspects of the invention pertain to methods for modulating a cell 
associated activity. These methods include contacting the cell with an agent (or a 

1 5 composition which includes an effective amount of an agent) which modulates CAR 
activity or CAR expression such that a cell associated activity is altered relative to a cell 
associated activity of the cell in the absence of the agent As used herein, "a cell 
associated activity" refers to a normal or abnormal activity or function of a cell. 
Examples of cell associated activities include proliferation, migration, differentiation, 

20 production or secretion of molecules, such as proteins, and cell survival. In a preferred 
embodiment, the cell is capable of serving as an attachment receptor for coxsackievirus 
or adenovirus. The term "altered" as used herein refers to a change, e.g., an increase or 
decrease, of a cell associated activity. In one embodiment, the agent stimulates CAR 
protein activity or CAR nucleic acid expression. Examples of such stimulatory agents 

25 include an active CAR protein, a nucleic acid molecule encoding CAR that has been 
introduced into the cell, and a modulatory agent which stimulates CAR protein activity 
or CAR nucleic acid expression and which is identified using the drug screening assays 
described herein. In another embodiment, the agent inhibits CAR protein activity or 
CAR nucleic acid expression. Examples of such inhibitory agents include an antisense 

30 CAR nucleic acid molecule, an anti-CAR antibody, and a modulatory agent which 
inhibits CAR protein activity or CAR nucleic acid expression and which is identified 
using the drug screening assays described herein. These modulatory methods can be 
performed in vitro (e.g., by culturing the cell with the agent) or, alternatively, in vivo 
(e.g., by administering the agent to a subject). In a preferred embodiment, the 

35 modulatory methods are performed in vivo, i.e., the cell is present within a subject, e.g., 
a mammal, e.g., a human, and the subject has a disorder or disease characterized by or 
associated with CAR activity or expression. 
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Tris pH 7.6, then 20 ml of 1 0 mM Tris pH 8.0. Bound protein was eluted by incubating 
the column for 1 hr in 50 mM diethylamine pH 1 1 .5. Fractions were then collected and 
analyzed on a silver-stained polyacrylamide gel. 

Fractions containing a 44/46 kD protein doublet were pooled, lyophilized, and 
5 heated for 5 min at 92°C in 3X Laemmli sample buffer before electrophoresis in a 10% 
SDS-polyacrylamide gel. Proteins were visualized by staining for 20 min in 20% 
methanol containing 0.5% acetic acid and 0.2% Coomassie Brilliant Blue (Biorad R- 
250), and destaining in 30% methanol as described (Rosenfeld et al., 1992). 

The protein bands were excised and pooled. After in-gel digestion with trypsin, 
1 0 the sequences of four peptides were determined at the Harvard Microchemistry Facility 
by collisionally activated dissociation (CAD) on a Finnigan TSQ 7000 triple quadrupole 
mass spectrometer. 

< 

cDNA isolation, transfection. and measurement of CAR protei n and mRNA expression 

15 A corresponding EST cDNA isolated from an infant brain library was identified 

by a BLAST search (Altschul et al., 1 990) of the dbEST database . A 282 bp 
• Hindlll/Ndel fragment excised from the EST cDNA [emb F05 145; I.M.A.G.E. 

Consortium Clone ID 25001 (Lennon et al., 1996)] (Genome Systems, St. Louis) was 
labeled with "P and used to screen 850,000 colonies of a pcDNAI HeLa cell library 

20 (Invitrogen, San Diego) by standard techniques (Ausubel et al., 1995). Five cDNA 

clones were obtained and analyzed by restriction digestion and partial sequencing. One 
of these (named CAR) was sufficiently long to encode a protein of the expected size, 
and its complete nucleotide sequence was determined. 

Electroporation of dhfr' CHO cells with CAR cDNA and a plasmid encoding 

25 dihydrofolate reductase, selection of transfectants in nucleoside-free medium, and 

fluorescence-activated cell sorting were performed as described for transfection with the 
integrin ct2 subunit (Bergelson et al., 1 993). 

Cell surface iodination was performed by the glucose-oxidase/lactoperoxidase 
method (Hubbard and Cohn, 1972), cell lysates were prepared in LB-1% Triton X-100, 

30 and immunoprecipitation was performed using monoclonal antibodies bound to Protein 
G-Sepharose. For RNA blot analysis, an 1 137 bp cDNA fragment encoding the CAR 
protein, excised with endonucleases PstI and Ndel, was labeled with 32 P and used to 
probe a multiple tissue northern blot (Clontech) containing 2 meg of poly A+ RNA from 
each of eight human tissues. Final washes were in 0.1 X SSC, 0.1% SDS at 50°C. 
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Ad.CMV-P-gal (Manome et al., 1996) was kindly provided by Dr. Toshi Tanaka 
(Dana-Farber Cancer Institute). For assays of P-galactosidase transduction, 1 50,000- 
200,000 cells/well in 24 well plates were incubated with Ad.CMV-P-gal for 1 hour at 
room temperature at multiplicities of 0-100 plaque forming units per cell, then unbound 

5 virus was removed and cells were incubated for 40 hr at 37°C. Some monolayers were 
then fixed with 2% paraformaldehyde and stained in situ by incubation with PBS 
containing 5 mM ferric and 5 mM ferrous cyanide, 1 mM MgCl 2 and 1 mg/ml X-gal (5- 
bromo-4-chloro-3-indolyl«p-D-galactoside). In other experiments, monolayers were 
lysed for spectrophotometric assay of p-galactosidase using reagents provided in the 

1 0 Promega p-galactosidase enzyme assay system. Each monolayer was extracted with 200 
mcl of lysis buffer, then lysates were clarified by centrifugation, diluted 1/5, and mixed 

' - with an equal volume of development buffer containing ONPG (o-nitrophenyl P-D- 
galactopyranoside. Absorbance at 405 nm was measured at 20 second intervals for 30 
min in a kinetic microplate reader (Molecular Devices) and V max was calculated for each 

15 sample. 

Isolation of mCAR and cDNA and mCAR ex pression on transfected cells., 

A C57BI/6 mouse liver cDNA library (Gibco BRL) in the pCMV-Sport2 
mammalian expression vector was screened with an expressed sequence tag (EST) 
20 cDNA (Gen Bask W70374) found to encode a peptide sequence homologous to the C- 
terminus of human CAR. Two cDNA clones were obtained, and partial nucleotide 
sequences of hte inserts were determined [clone ml, Gen Bank Y 10320; clone m2, 
GenBank Y11929]. 

Transfection of CHO dhfr cells with mC AR cDNA and selection in nucleoside- 
25 free medium were performed as described for transfection with the integrin cc2 subunit 
(3). Flow cytometry and fluorescence activated cell sorting were performed with rat 
antiserum raised against the p46 putative murine brain receptor for CB3 (30), or control 
serum from an unimmunized rat, followed by fluorescein isothiocyanate (FITC)- 
conjugated goat-antibody to rat immunoglobulin (Sigma). Sera were preadsorbed 
30 against untransfected CHO cells overnight before use. CHO cells expressing human 
CAR (2) and control CHO cells expressing the human integrin al subunit (3) have been 
described. 
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Exemplification 

Example 1 A cDNA clone encoding C AR protein 

Monoclonal antibody (MAb) RmcB protects HeLa cells from infection by 
coxsackie B viruses (Hsu, K.-H. L., Lonberg-Holm, K., Alstein, B. and Crowell, R. L. 

5 (1 988). A monoclonal antibody specific for the cellular receptor for the group B 
coxsackieviruses. J. Virol. 62, 1647-1652), and immunoprecipitates a 46 kD protein 
from HeLa cell lysates (Figure 2B). The protein was purified by affinity 
chromatography with MAb RmcB, and the sequences of four tryptic peptides were 
determined (Figure 1 A). None of these peptides was identified in the Genbank 

1 0 nonredundant protein database, but an expressed sequence tag (EST) cDN A was 

identified that potentially encoded all four of the peptides. This EST cDNA was used to 
probe 'a HeLa cell library constructed in the pcDNAI expression vector, and a cDNA 
clone was obtained. Transient transfection into murine WOP cells (Dailey, L. and 
Basilico, C. (1 985). Sequences in polyomavirus DNA regulatory region involved in viral 

1 5 DNA replication and early gene expression. J. Virology 54, 739-749) and analysis by 
flow cytometry indicated that this cDNA encoded the protein recognized by MAb RmcB 
(data not shown). 

The CAR cDNA encoded a 365 amino acid transmembrane protein (Figure IB) 
with a predicted 14 a.a. leader, a 222 a.a. extracellular domain, a 22 a.a. membrane- 

20 spanning helix, and a 1 07 a.a. intracellular domain. Alignment of the CAR sequence 
with sequences of proteins belonging to the immunoglobulin gene superfamily 
suggested that the extracellular portion of CAR consists of two immunoglobulin-like 
domains (Figure 1 C). Four potential sites for N-linked glycosylation (N-X-S/T) were 
present, two of them within the predicted extracellular portion of the molecule, 

25 consistent with the observation that the apparent molecular weight of the coxsackievirus 
receptor protein is reduced after treatment with endoglycosidase F (Hsu, K.-H. L., 
Paglini, S., Alstein, B. and Crowell, R. L. (1990). Identification of a second cellular 
receptor for a coxsackievirus B3 variant, CB3-RD. In New Aspects of Positive-Strand 
RNA Viruses, M. Brinton and F. Heinz, eds. (Washington, D.C.: American Society for 

30 Microbiology), pp. 271-277). The deduced amino acid sequence of a murine CAR 

homolog was 91% identical o that of the human protein overall and 95% identical within 

the cytoplasmic domain. 

CHO dhfr' hamster cells were cotransfected with CAR cDNA, and with cDNA 
encoding dihydrofolate reductase, and after selection in nucleoside-free medium and 
35 fluorescence activated cell sorting, a cell line, CHO-CAR, was obtained that 

homogeneously expressed the putative receptor protein (Figure 2A). CAR protein was 
not detected on the surface of CHO cells transfected with a control cDNA encoding the 
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confirm that CAR protein is a receptor responsible for specific fiber-mediated 
adenovirus attachment to cells. 

Adenovirus enters CHO cells to some extent (although the entry process is much 
less efficient than entry into HeLa cells), but there is a post-entry block to viral protein 
5 synthesis and virus replication (Longiaru and Horwitz, 1981). The efficiency of 

adenovirus-mediated gene delivery was measured, rather than virus production, to test 
whether virus attachment to the CAR protein leads to adenovirus internalization. CHO- 
CAR cells or CHO-a2 control transfectants were incubated with adenovirus 5 
engineered to encode p-galactosidase [Ad.CMV-pgal, (Manome, Y., Wen, P. Y., Dong, 

10 Y., Tanaka, T„ Mitchell, B. S., Kufe, D. W. and Fine, H. A. (1996). Viral vector 
transduction of the human deoxycytidine kinase cDNA sensitizes glioma cells to the 
cytotoxic effects of cytosine arabinoside in vitro and in vivo. Nature Medicine 2, 567- 
573] at several multiplicities of infection, and P-galactosidase activity was measured 48 
hours later. Cytotoxicity was noted at 48 hours in the CHO-CAR cells exposed to 

1 5 Ad.CMV-Pgal at high multiplicity, although the mechanism by which this defective 
virus caused cell damage is uncertain. Expression of CAR greatly enhanced gene 
transduction by adenovirus 5 as demonstrated by in-situ staining with X-gal (Figure 5A). 
When examined by light microscopy, 30-50% of CHO-CAR cells infected at a 
multiplicity of 1 PFU/cell, and virtually every cell infected at higher multiplicity, 

20 expressed p-galactosidase (not shown). Quantitative colorimetric assay on cell lysates 
(Figure 5B) was also performed. At each multiplicity of infection, enzyme activity was 
approximately 1 00-fold greater in the CAR transfectants than in the control cells (and 
also greater than in HeLa cells, which express endogenous CAR, but at lower levels). 
These results demonstrate that attachment to CAR on the cell surface markedly 

25 facilitates virus entry and adenovirus-mediated gene transfer. 

Example 4: Expression of CAR RNA in human tissues 

The translated portion of the CAR cDNA was used to probe a Northern blot 
containing RNA from several human tissues (Figure 6). CAR cDNA hybridized to a 6.5 
30 kb major RNA species and a minor species 3.5 kb in length. Strongest expression of 
CAR mRNA was noted in heart, pancreas and brain. Faint bands reflecting expression 
at lower levels were detected in lung and liver on the original autoradiograph. 

Example 5: Identification and expression of the murine CAR homologue fmCARY 
35 The dbEST database was searched to identify a murine cDNA clone that could 

encode a protein homologous to human CAR, then used it to screen a mouse liver cDNA 
library. Two cDNA clones were obtained that potentially encoded proteins with over 
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recombinant adenovirus knob domains (Figure 9), suggesting that murine CAR may also 
interact with adenoviruses. The efficiency of gene delivery to transfected cells using 
adenovirus 5 engineered to encode 0-galactosidase [Ad.CMV-Pgal, (26)] (Figure 1 1) 
was measured. As determined by in situ staining with X-gal, expression of mCAR on 
5 transfected cells markedly enhanced adenovirus 5-mediated gene deliver. Similar results 
were obtained when CHO cells were transfected either with clone ml or m2. 
Adenoviruses 2 and 5 are known to complete for a singe fiber attachment site on human 
CAR (Bergelson, J.M., J.A. Cunningham, G. Drougett, E.A. Kurt-Jones, A. Kirthivas, 
J.S. Hong, M.S. Horwitz, R.L. Crowell, and R. W. Finberg, 1997, Isolation of a common 

10 receptor for coxsackie B viruses and adenoviruses 2 and 5, Science, 275: 1320-1323; 
Defer, C, M.T. Belin, M.L. Caillet-Boudin, and P. Boulanger, 1990, Human 
adenovirus-host cell interactions: comparitive study with members of subgroups B and 
C, J. Virology, 64: 3661-3673; Philipson, L., K. Lonberg-Holm, and U. Petterson, 1968, 
Virus-receptor interaction in an adenovirus system, J. Virology, 2: 1064-1075). 

1 5 Consistent with this, delivery of the p-galactosidase gene to CHO-mCAR cells was 

inhibited by adenovirus 2 fibers (Figure 10). These results indicate that mCAR, like the 
human protein* mediates fiber-dependent adenovirus interactions with adenoviruses 2 
and 5. 

These results demonstrate that mCAR, like the human receptor for 
20 coxsackieviruses and adenoviruses, mediates interactions with two genetically and 

structurally distinct viral pathogens. When transfected with mCAR cDNA, 
. nonpermissive CHO cells became susceptible to infection by coxsackieviruses B3 and 

B4, and showed increased susceptibility to adenovirus-mediated gene delivery. 

Furthermore, specific antibody staining of mCAR-transfected cells indicated that mCAR 
25 protein is the 46 kD coxsackievirus binding protein previously demonstrated in newborn 

mouse brain (Xu, R., J.G. Mohanty, and R.L. Crowell, 1995, Receptor proteins on 

newborn Balb/c mouse brain cells for coxsackievirus B3 are immunologically distinct 

from those on HeLa cells, Virus Research, 35: 323-340). 

Similar results were obtained when CHO cells were transfected with either of 
30 two mCAR cDNA clones, encoding proteins with divergent C-termini. It thus appears 

that the 26 C-terminal amino acids of clone ml, which are nearly identical to human 

CAR, are not essential for mCAR's receptor function. Using specific primers in RT- 

PCR, RNAs corresponding to both clones ml and m2 in a variety of murine tissues 

(unpublished results) were detected. 
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improves the prospect for gene therapy in cystic fibrosis, Nature Genetics, 7: 362-369), 
can be transduced with adenovirus vectors. Gene deliver may involve - in addition to 
the fiber receptor now identified as CAR - virus interaction with a v integrins (Goldman, 
M.J., and J.M. Wilson, 1995, Expression of a cpp5 integrin is necessary for effiecient 
5 adenovirus-mediated gene tranfer in the human airway, J. Virology, 69: 595 1-5958), 
which have been shown to facilitate virus entry (Wickham, T.J., P. Mathias, D.A. 
Cheresh, and G.R. Nemerow, 1 993, Integrins avp3 and avP5 promote adenovirus 
internalization but not virus attachement, Cell, 73: 309-319). Adenoviruses may also 
enter cells by fiber-independent pathways (Huang, S., T. Kamata, Y. Yakada, Z.M. 

1 0 Ruggeri, and G.R. Nemerow, 1 996, Adenovirus interaction with distinct integrins 
mediates separate events in cell entry and gene delivery to hematopotic cells, J. 
Virology, 70: 4502-4508). However, efficient transduction has been shown to correlate 
with expression of the fiber receptor (Wickham, T.J., P.W. Roelvink, D.E. Brough, and 
I. Kovesde, 1996, Adenovirus targeted to heparan-containing receptiors increases it gene 

15 delivery efficiency to differenct cell types, Nature Biotechnology, 14: 1570-1573), and 
further definition of the receptor's tissue distribution will be important for efforts to 
target gene delivery to particular sites. Because murine models are used in preclinical 
studies of adenovirus-mediated gene deliver, it is important to consider that, as 
suggested by differences in mRN A expression, the CAR fiber receptor may be more 

20 highly expressed in certain murine tissues - including the liver and lung - than it is in 
human tissues. 

Pathogenicity in newborn mice was a characteristic originally used to distinguish 
coxsackieviruses from other human enteroviruses (Melnick, J.L., 1996, Polioviruses, 
coxsackieviruses, echoviruses, and newer enteroviruses, p. 655-712, In B. N. Fileds, 

25 D M. Knipe and P.M. Howley (ed.), Virology, 3 ed. Lippincott-Raven, Philadelphia), 
and it is likely that coxsackievirus host range depends on virus interactions with human 
and murine CAR. Age-specific expression of a receptor protein - now identified as 
mCAR - in the brains of newborn mice (Xu, R., and R.L. Crowell, 1997, Expression and 
distribution of the receptors for coxsackievirus B3 during fetal development of the 

30 Balb/c mouse and of their brain cells in culture, Virus Research in press) has been 
related to the unique susceptibility of infant mice to CB3 encephalitis (Grodums, E.L, 
and G. Dempster, 1959, The age factor in experimental coxsackie B-3 infection, Can. J. 
Microbiol 5: 595-604; Grodums, E.I., and G. Dempster, 1961, Encphilitis in 
ecperimental coxsackie B-3 infection, Can. J. Microbiol, 7: 175-184), suggesting that 

35 mCAR may be an important determinant of virus tropism for the murine brain. . 
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What is claimed is: 

, An isolated nucleic acid molecule comprising a nucleotide sequence 
encoding CAR or a biologically active portion thereof. 
5 , An isolated nucleic acid molecule comprising a nucleotide sequence 

an ammo acid sequence wni ^ & r£ceptor for 

SEQ ID NO:2 such that the protein or portion thereoi 
1 0 coxsackievirus or adenovirus. 

, An isolated nucleic acid molecule comprising a nucleotide sequence 
encodin 3 g . J££L — which is substantially homologous to the ammo 
acid sequence shown in SEQ ID N02. 

SEQ ID NO: 1. 

5 . The isolated nucleic acid molecule of claim 4, comprising the coding 
20 region of the nucleotide sequence of SEQ ID NO:l. 

6 . An isolated nucleic acid molecule encoding the amino acid sequence of 
SEQ ID NO:2. 

nucleotide sequence encoding CAR. 



25 



7_ A vector compnsing a 
8 . The vector of claim 7, which is a recombinant expression vector. 



9. 



A host cell containing the vector of claim 7. 



,0. A method for producing CAR comprising culturing the host cell of claim 
9 in a suitable medium until CAR is produced. 

! ! . An isolated CAR protein or biologically active portion thereof. 

,2 An isolated protein or a ponion thereof which comprises « i amino acid 
seqU encc which is sufficiently homologous to an amino acid sequence of SEQ NO.2 
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such that the protein or portion thereof functions as a receptor for coxsackievirus or 
adenovirus. 

13. An isolated protein comprising the amino acid sequence of SEQ ID NO:2 
5 or the amino acid sequence encoded by the nucleotide sequence of SEQ ID NO: 1 . 

14. A pharmaceutical composition comprising the protein of claim 13 and a 
pharmaceutical^ acceptable carrier. 

JO 15. A method for modulating CAR expression comprising contacting the cell 

with an agent which modulates CAR protein activity or CAR nucleic acid expression 
such that a cell associated activity is altered relative to a cell associated activity of the 
cell in the absence of the agent. 

* 

15. 16, a method for treating a subject having a disorder characterized by CAR 

protein activity or nucleic acid expression comprising administering to the subject a 
CAR modulator such that treatment of the subject occurs. 

1 7. The method of claim 1 6, wherein the disorder is a cardiac infection. 

20 

18. The method of claim 17, wherein the cardiac infection is myocarditis, 
pericarditis, or dilated cardiomyopathy. 

1 9. The method of 1 6, wherein the disorder is a pancreatic infection. 

25 

20. The method of 1 9, wherein the pancreatic infection is acute pancreatitis. 

2 1 . The method of 1 6, wherein the disorder is an infection of the respiratory 

tract. 

30 

22. The method of 1 6, wherein the disorder is an infection of the 
gastrointestinal tract. 

23. The method of 1 6, wherein the disorder is an infection of the central 
35 nervous system. 
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L • infection of the central nervous system is 
24 The method of 23 , wherein the infection 

a non-specific febrile illness or meningoencephalitis. 

25. The method of 1 6, wherein the disorder is childhood onset diabetes 
5 mellitus. 

„ A method for de,ee,ing .ho presenoe of CAR in a biologic! sample 
prol ei» or mRNA suoh .ha, the presence of CAR .s de.oo.00 

Dioiogit r ,..p ■ a., gamp e with a standard, 

for comparing the amount of CAR in the samp 
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FIGURE 2A 
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FIGURE 2B 
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FIGURE 8 
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FIGUKE 12 (continued) 
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» 

Underlined ATG starts peptide sequence, which steps at 1 154 (TCTATAGTA-tao) 

If /» 

TO TGCTGTGCTTCGTGCTCCTO 

CTG AAG A3ATGATTG AAAAAG OCA AAG GGG AAA CTB CCT ATCTGC CGTGCA AATTTA CGCTTAGTC 
CCGAAGACCAGGGACCGCTGGACATDSAGTGGCT^^ 

AAGTGATTATTTTAT ATT CTG GAG ACAAAATTTATQ ATG ACT ACTATC CAG ATCTGA AAG GCCGAG 
TACATTTTACGAGTAATGATCTCAMTCTGGTG AIG CAT CAATAAAT3TAACGA ATTTAC AACTGT 
CAGATATTG GCACATATC AGTGCAAAGTGA AAAAAG CTC CTG GTGTTGCAAATA AGA AGATTCATC 
TGGTAGTICTTCTTAAGCCTTCAGGTGCGAGATGTTACGTTGATC GATCTGAAG AAATTGGAAGIG 
ACTTTAAGATMMTGTGAADCMAAGAAGGTTCACTTC^ 

CTGACTOCAGAAAATGCCCAOTCATCGTTA^ 
ATGCCTCTTCTCAGTACTCTGGGACATAGAGCTGTACAGTCAGAAA 

GCCTGTTGC GTCTAA AOGTTGTDC CIC CTTCAA ATA AAG CIG GACTAATT6 CAG GAG CCATTATAG 
GAACTTTBCTTGCICTAGCGCTCATTG GTCTTATCATCTTTTGCTGTCGTAAAAAGCGCAGAGAAG 
AAAAATATGAAAAGGAAGTTCATCACGATATCAGGGAAGATGTGCC^ 
CCACTGCCAGAAGCTACATCG(^GTAATCATT«TCCCTGGGGTC^ 
AAGGATATTCCAAGACTCAGTATAACCAAGTACGAAGTGAAGACTTTC 
CGACTCTCCCACCTGCTAAGGTAGCTCCCCCTAATCTMGTCGA^ 
TTCCAGO^AGAGCAAGGATGG GTCT^T^^ GCCTCCATATGTCTC 
GTT CCTTTC CTT TTTTTG ATA TAT GAAAAC CTA TTtilT&G TCT AAA TTG TGT TAC TAG CCT CAA AAT 
ACA TCA AAA AAT AAG TT A ATC AGG AAC TGT ACG GAA TAT ATTTTT AAA AATTTT TGTTTTG GTT ATA 
TCGAAATAGTTACAGGCACTAAAGTOGTAA^AA|AGTmCX»TCT 

TTAAGAGGTrGATTATAAAGTTTTCTA AATTTA TCAjGTA CCT AAG TAA GAT GTA GCG CTTTGAATA 
TGAAATCCTAGGTGAAGACATGGGTGAACTTAC" 

GAA AGT GGT ACTTGATCATTTTTA CCATTATTTTT^ GGATGT GTATTT CATTTATTT ATG GCC CAC 



CAT ACC AAG TTG ATA CTT GAATAA CCATCT 



FIGURE 13 
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